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For Real CONTRAST 


Where contrast is of utmost importance, Haloid Seismic Record 

meets your most exacting requirements. Blacks are solid, deep, 
intense—whites are sparkling, snow clear. What’s more, Seismic 
Record retains all its outstanding original qualities under severest 
tests of extreme heat and humidity. 


Haloid Seismic Record is a thoroughly tested product of field and 
laboratory. Yet, despite increased manufacturing costs, the price 
is no more than standard Grade B stock. 


Prove It Yourself at Our Expense 


We will send you one or several rolls of Haloid Seismic Record FREE. Com- 


pare its qualities with those of any other paper. We’re sure results will con- 
vince you. 


THE HALOID COMPANY, ROCHESTER, N. Y. 
i Sensligers fr J/ Goar. 


are 
2 
IDEAL FOR GEOPHYSICAL RE 
ig : 
: 
4 
Pa 
> 


THE VALUE OF SURVEYS 


? 


on large leases as an assistance in solving 
production problems? 


? 


Or, in cases when wells are located near 
border lines? 
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Or prior to deepening old holes? 
? 


Or when having difficulties with pumping 
equipment? 


Or where water may be infiltrating? 


FOR SPEED and ACCURACY 
USE THE 


SURWEL CLINOGRAPH 


It affords a double survey (both in and out) of 
an open hole, at a speed as fast as the drill pipe 
can be lowered and raised. 


And still faster in cased holes. When operated on 
a wire line, a 5000 foot hole can be surveyed in 
1% hours—double checked at no extra cost. 


The Surwel Clinograph is the most accurate and 
practical method ever devised for measuring the 
degree and direction of deviation. It provides a 
permanent record from actual photographs and 
is not affected by Tortuosity nor by Magnetic in- 


fl when ding. 


ALSO — SYFO CLINOGRAPH — H-K CLINOGRAPH — H-K INCLINOMETER — CORE ORIENTATION 


SPERRY-SUN WELL SURVEYING COMPANY 


1608 Walnut Street, Philadelphia. Pa. 


TULSA, OKLAHOMA 


TEXAS LONG BEACH, CALIF. LAFAYETTE Bike Club 
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@ Accurate microscopic observations—fields clearly defined over the entire 
» area—with the finest details resolved, demand precise alignment of the lens 
elements, as well as exact surface curves and spacing, determined by optical 


tests. 


Each lens, after being mounted, is tested for alignment while rotating on a 


lathe. 


- Many other tests, by Spencer scientists, insure that the traditional policy of 
“Optical Quality First’, is maintained in every Spencer instrument. Examina- 
tion of a modern Spencer Microscope will show you many other reasons for 


OPTICAL QUALITY 


Requires Accurate Alignment 


its superior performance. 


| Spencer Lens Company 


MICROSCOPES 
MICROTOMES 
PHOTOMICROGRAPHIC 
EQUIPMENT 


SPENCER 


A point of light reflected from the rapidly revolving lens surface shows inaccu- 
racies in the lens, by moving as the lens is rotated. In a perfectly mounted 
lens, there is no motion of the point of light. 


REFRACTOMETERS 
COLORIMETERS 
SPECTROMETERS 
PROJECTORS 
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L[nstst on 


MULTIPLE METHODS 
of PROSPECTING 


Recent advances in the seismic method of subsurface prospecting 
have been matched by equal improvements in the gravity and mag- 
netic methods. 


Gravity and magnetic equipment has been improved, field technique 
modified to suit conditions, and a wider experience acquired in the 
interpretation of gravity and magnetic data. 


During the past few years, later checks by other methods have im- 
pressive demonstrated the correctness of gravity and magnetic 
analyses. 


For economy, for more accurate judgment, multiple methods of 
prospecting are today recommended by leading geophysicists. Oil 
companies, independent operators and contractors follow this estab- 
lished procedure. 


Insist on multiple methods of prospecting in your own geophysical 
work. Multiple methods make your geophysical reports surer and 
N eliminate ssary for leases and drilling. 


P 


Write us for details on ASKANIA Torsion Balances, Magnetometers, 
and Seismic Reflection Equipment. 


AMERICAN ASKANIA CORPORATION 


M. & M. BUILDING HOUSTON, TEXAS 
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Among new Dowell developments is the compound 
treatment bringing the production boosting bene- 
fits of Inhibited Acidizing to tight and impure for- 
mations. Once again Dowell demonstrates its 
ability to meet unusual conditions by devising 


special methods and technique. 
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STRATIGRAPHY VERSUS STRUCTURE 
IN ROCKY MOUNTAIN REGION! 


ROSS L. HEATON? 
Denver, Colorado 


ABSTRACT 


The existence of oil and gas accumulations in the Rocky Mountain region which are 
due to stratigraphic rather than structural traps, leads to an analysis of the conditions 
under which these accumulations occur and to a consideration of methods by which 
other similar deposits may be found. Examples of stratigraphic traps are not numerous 
in the Rocky Mountains but it is reasoned that such fields may have escaped discovery 
because wildcatting is almost invariably confined to favorable structure. 

The problem is approached from the standpoint of source rocks as well as reservoir 
rocks. Localities in which there are apparent relationships between petroliferous prov- 
inces and ancient geography are described by reference to generalized paleogeographic 
maps of the Rocky Mountain region from Pennsylvanian to Cretaceous time. The na- 
ture of the sediments and the conditions under which they were deposited were pro- 
foundly affected by ancient positive elements which are called the ‘Ancestral Rockies.” 

Numerous instances of lenticular and wedging sand bodies are pointed out as 
having possibilities for the formation of stratigraphic traps on the flanks of major 
uplifts or in structural basins. A great deal of detailed stratigraphic work must supple- 
ment the present general knowledge. 


INTRODUCTION 


In the Rocky Mountain region there are several oil and gas fields 
which owe their existence to factors other than anticlinal structure. 
Only two or three of them are of particular importance from the stand- 
point of total recovery but they are significant in that they suggest 
the possibility of finding other fields of equal or greater importance. 
The proportion of past production from fields of the stratigraphic 
type, as defined by Levorsen,* is much more impressive in other 


1 Read before the Association at Los Angeles, March 17, 1937. Manuscript received, 
July 2, 1937. 
2 Geologist, 2374 Elm Street. 


3 A. I. Levorsen, “Stratigraphic Versus Structural Accumulation,” Bull. Amer. 
Assoc. Petrol. Geol., Vol. 20, No. 5 (May, 1936), p. 524. 
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regions than in the Rockies. He presents figures to show that 


of the 22 largest oil pools in the United States, more than half of the oil pro- 
duction was obtained from pools in which the dominant trap-making ele- 
ment was a change from porosity to non-porosity. 


In view of these facts and recognizing the necessity of maintaining an 
annual supply of more than 1 billion barrels of oil, it seems strange 
that more systematic and concerted efforts have not been directed 
toward the development of a technique which might lead to the dis- 
covery of pools other than those due to anticlinal structure. Geo- 
physics has played an important part in maintaining the supply of 
oil in the last few years. Geophysical methods, however, are simply 
other ways of finding structure and the supply of favorable structures 
will eventually be exhausted. 

In the Rocky Mountain area most of the oil and gas fields are 
on closed anticlines. Practically all of the apparent structures have 
been drilled. There are many localities in which indications of favor- 
able structure exist, partly covered by late formations, and many of 
these have also been drilled. Not only have most of the favorable 
localities been tested but very little prospecting has been done “off 
structure.” It therefore seems reasonable to suppose that, if there are 
oil pools present of the stratigraphic type, they would probably have 
escaped discovery more readily than in the Mid-Continent or East- 
ern areas; and a study of geologic history reveals that in several 
periods there existed relationships between high areas and basins of 
deposition in the Rocky Mountain region, such as to indicate very 
favorable possibilities for oil accumulation in wedging or truncated 
sands in the presence of source beds. 

The possible relationships of geologic history and productive areas 
have been recognized for many years and the more or less direct ap- 
plication of the principles involved were discussed by Schuchert* and 
Woodruff’ in 1919, by McCoy® in 1921, White’ in 1922, and Ver 
Wiebe® in 1929. The first comprehensive discussion of the application 


4 Charles Schuchert, “Relations of Stratigraphy and Paleogeography to Petroleum 
Geology,” Bull. Amer. Assoc. Petrol. Geol., Vol. 3 (1919), p. 286. 

5 E. G. Woodruff, “Petroliferous Provinces,’”’ A mer. Inst. Min. and Met. Eng. Bull. 
150 (June, 1919), pp. 907-12. 

® Alex W. McCoy, “A Short Sketch of the Paleogeography of the Mid-Continent 


Oil District and Its Importance to Petroleum Geology,” Bull. Amer. Assoc. Petrol. 
Geol., Vol. 5, No. 5 (September—October, 1921), p. 541. 


7 David White, “Problems in Oil Geology and Their Advancement through Co- 
operative Research,” ibid., Vol. 6, No. 6 (November-December, 1922), pp. 509-15. 

8 Walter A. Ver Wiebe, “Tectonic Classification of Oil Fields in the United States,” 
ibid., Vol. 13, No. 5 (May, 1929), pp. 409-40. 
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of paleogeology was by Levorsen® in 1933. In 1936" he pointed out 
many significant facts with respect to production in stratigraphic 
traps and directed the attention of petroleum geologists to methods 
and possible results of intensive studies along this line and the need 
for such studies. The writer'! expressed some ideas on the subject in 


1933. 
METHODS 


Source beds, sand lenses, wedging sands, and unconformities all 
are related to shore lines. The position and direction of ancient shore 
lines are governed by ancient geography. Hence, the importance of 
paleogeographic maps. 

Beneath unconformities are truncated sandstones and limestones, 
eroded structures and weathered surfaces. Over them are perhaps 
shale deposits or wedging sands due to progressive shore lines. It is 
important to know the stratigraphic position of these unconformities 
and the amount of geologic time represented. 

A study of sedimentation is essential. We must know the sources 
of the sediments and, by a study of sedimentary petrology and geo- 
logic history, learn something of the climatic conditions and general 
environment under which the strata were deposited. 

The searcher for oil pools of the stratigraphic type must keep 
himself informed concerning everything that has been done with re- 
spect to research on the origin of oil, the nature and manner of oc- 
currence of source beds, studies of modern sediments, causes and 
processes of change from the original organic material to petroleum, 
movement from source beds to reservoir rocks, and, finally, migration 
and accumulation. The search for stratigraphic pools involves a dif- 
ferent approach to problems of petroleum geology from any that has 
prevailed in the past and may, in itself, furnish valuable additions to 
the accumulated data on various controversial theories regarding the 
foregoing subjects. 

Such a study should not only give clues as to the location of 
promising areas from the standpoint of source beds, but also should 
indicate the areas in which reservoir sands are present, where they 
pinch out, where they are truncated, et cetera. 


9A. I. Levorsen, “Studies in Paleogeology,” ibid., Vol. 17, No. 9 (September, 
1933), P- 1107. 

10 , “Stratigraphic Versus Structural Accumulation,” ibid., Vol. 20, No. 5 
(May, 1936), p. 521. 

Ross L. Heaton, “Some Problems in the Search for Future Oil Fields,” talk be- 
fore — Engineering Council, May 16, 1933. Abstract in Inland Oil Index (May, 
19, 1933)- 
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The first steps involve general correlations and the construction of 
general maps such as has been attempted in this paper. A more de- 
tailed study must follow as material becomes available. Many paleo- 
geographic maps must be made where now there is only one; also 
paleogeologic maps which show the areal geology at various periods 
and which will contribute to the structural history; also cross sections, 
isopach maps, et cetera. 

All this will require a great deal of work. It will mean the meas- 
uring and sampling of sections and general stratigraphic study in the 
field. It will mean careful well sampling and examination of the 
samples and probably the drilling of wells for samples only. The lines 
of research involved appear to be without number. Men will be re- 
quired who are especially trained in the stratigraphy of the area 
in which they are working, in paleontology, petrology, physics, geo- 
physics, and kindred subjects. 

The Rocky Mountain region is ideal for stratigraphic studies. 
Great thicknesses of sedimentary rocks for measuring and sampling 
are exposed within wide areas. Many well data are available between 
the main exposed regions, such as mountain uplifts. Generalized data 
on ancient land areas and shore lines already exist. Aside from the 
economic value, this work will furnish a great and valuable contribu- 
tion to stratigraphic and historical geology. 


FIELDS OF STRATIGRAPHIC TYPE IN ROCKY MOUNTAIN REGION 


Cut Bank field-——The Cut Bank field is in Glacier County, north- 
ern Montana. It was discovered in 1932 and had produced 7 million 
barrels of oil to the end of 1936. 

The Cut Bank field is on the west flank of the Kevin-Sunburst 
dome, which comprises the northern part of the Sweetgrass arch, a 
major area of uplift 120 miles long and 70 miles wide. The reservoir 
sand is the basal member of the Kootenai formation of Lower Cre- 
taceous age and is underlain by the marine shales and limestones of 
the Jurassic Ellis formation. The sand wedges out updip over the 
older formations, forming a stratigraphic trap. The next higher sand 
of the Kootenai, the Sunburst, continues eastward over the uplift. 

Kevin-Sunburst field—The Kevin-Sunburst field is in Toole 
County, northern Montana. It was discovered in 1922 and at the 
end of 1936, had produced 31,500,000 barrels of oil. 

The Kevin-Sunburst dome has a closure of 850 feet and an area of 
nearly 800 square miles. The producing area is on the northwest flank 
of the dome and is 200-250 feet, structurally, below the top. The main 
producing horizon is at the unconformable contact between the 
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Jurassic Ellis formation and the Madison limestone of Lower Missis- 
sippian age. The producing “sand” consists of the erratic porous 
layer at the base of the Ellis and the equally erratic areas of porous 
or cavernous limestone in the top of the Madison. The latter are un- 
questionably due to pre-Jurassic weathering. According to Howell” 
There is no oil production on top of the structure, but a study of the map 


indicates that local structure in areas of porosity has a decided effect on accu- 
mulation. 


He states further that 


The factors other than structure which have affected accumulation are 
amount of porosity and nature of the contact zone, as well as the unconformity 
itself and a variable condition of water saturation. 


Osage field—The Osage field is in Weston County, northeastern 
Wyoming. It was discovered in 1920 and had produced 3,500,000 
barrels of oil at the end of 1936. 

The structure at the Osage field consists of two southwestward 
dipping terraces separated by a zone of steeper southwest dips."* The 
production occurs on both sides of and in the zone of steeper dips. It 
comes from the Newcastle sand, of Upper Cretaceous age, near its 
eastern limits. Its wedging-out is accompanied by lensing or a varia- 
tion in porosity due to changes from sandstone to sandy shale. Ac- 
cumulation is due mostly to this feature, although the flattening of 
the beds on the structural terraces may have been a contributing 
factor. The Black Hills uplift is on the northeast and the Powder 
River structural basin on the southwest. 


SHALE OIL 


Of the 33,500,000 barrels of oil thus far produced in Colorado, 
nearly half has been from shale. Obviously the prediction of shale 
production can not be approached from the standpoint of reservoir 
rocks, but, since shale oil is undoubtedly indigenous to the producing 
rock, the problem is one of source beds. It is possible that at some 
future date geologists may bring their knowledge of the origin of oil, 
environment of source beds, stratigraphic details, and paleogeog- 
raphy to the point of specific prediction as to localities of source beds. 
We scarcely know how to begin such a study at present and must 
necessarily deal in generalities. However, shale oil remains as a 
source of part of our future oil supply and should not be ignored. 


2 W. F. Howell, “Kevin-Sunburst Oil Field, Toole County, Montana,” Structure 
of Typical American Oil Fields, Vol. 2 (Amer. Assoc. Petrol. Geol., 1929), p. 263. 


3 A. J. Collier, “The Osage Field, Weston County, Wyoming,” U.S. Geol. Survey 
Bull. 736-D (1923), p. 88. 
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Structural studies are necessary also because shale oil seems to occur 
only where flexing has caused cracks and crevices to form in impervi- 
ous rocks. 

Florence-Canon City field—The Florence-Canon City field, in 
southern Colorado, was discovered in 1862, one of the first in the 
United States. At the end of 1936 it had produced more than 13 
million barrels of oil. Production is from fissures in the Pierre shale of 
Upper Cretaceous age. Of the structure, DeFord says" 

The field is on the east flank of a somewhat complicated synclinal basin that 


lies between two major anticlinal folds, the Wet Mountains on the west and 
the southward prolongation of the axis of the Front Range on the east. 


Rangely and Tow Creek fields—The Rangely and Tow Creek fields 
were discovered in 1919 and 1924, respectively. At the end of 1936 
Rangely had produced 432,000 barrels and Tow Creek, nearly 
1,500,000 barrels. 

These fields produce from the Mancos shale at horizons equivalent 
to a part of the Pierre shale of eastern Colorado. In the Rangely dome 
the production is at the change from gentle to steep southwest dips. 
On Tow Creek anticline the production is near the anticlinal axis. 
The best wells are located on that part of the structure where the 
steep east dip begins. 


RELATIONS OF PRODUCTIVE AREAS TO PALEOGEOGRAPHY 


A study of some of the paleogeographic maps on which are shown 
the oil and gas fields which presumably either produce or have their 
source beds, or both, in the formation of the period represented, indi- 
cates an apparent relationship between the physiographic features 
and the productive areas. In a broad way the relationships seem to 
have a more direct connection with the occurrence of source beds 
than with reservoir rocks. Perhaps more local relationships might be 
brought out by more specific maps involving less thickness of beds 
and a shorter time interval. 

The extent to which paleogeography has influenced the-localities of 
oil occurrence will be in dispute, depending on the interpretations of 
different geologists. These interpretations will depend on the theories 
accepted by this or that geologist with respect to questions such as 
migration, flushing, effect of faulting, e¢ cetera. There may be good 
structures without production in the vicinity of producing fields with 
the same formations involved. An example is the Shiprock district of 

4 Ronald K. DeFord, “Surface Structure, Florence Oil Field, Fremont County, 


Colorado,” Structure of Typical American Oil Fields, Vol. 2 (Amer. Assoc. Petrol. Geol., 
1929), p. 82. 
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San Juan basin, New Mexico. One geologist may explain this by 
flushing or by the relation of the structural elevation of the producing 
sand to the movement of water in the sand in the basin as a whole. 
Another geologist may see no explanation other than a lack of source 
beds. 

The theory of a local source is championed by some geologists 
while others argue for long-distance migration. If the former theory is 
correct, the locality of source beds is of outstanding importance; if 
the latter, then full attention should be directed to traps for oil 
accumulation. 

In the development of a technique for determining the localities 
of possible production irrespective of anticlinal structure, the in- 
vestigator must familiarize himself with all of the evidence for and 
against the various theories of oil genesis, migration, and accumula- 
tion, and decide, at least tentatively, which of them appears to be 
the most applicable to the problems which confront him in his par- 
ticular locality. He must maintain an open-minded attitude and be on 
the alert for new evidence. 

The maps submitted with this paper were, with two or three ex- 
ceptions, published in 1933." Only those which have a bearing on oil 
or gas occurrence are reproduced here and some of these have been 
changed due to the acquisition of new data. Not only oil fields but 
prominent showings and occurrences of oil shale are shown. 


EARLY PENNSYLVANIAN 


Figure 1 shows in a general way the relationships of land and 
water from the beginning of Pennsylvanian deposition in the Rocky 
Mountain region until the end of Kansas City time. Areas of salt 
and gypsum have been added to the original map. 

All fields of Wyoming produce from the Tensleep sandstone, which 
was deposited in the later stages of the period represented by Figure 
1 and extended into later Pennsylvanian (Fig. 2). The same fields are 
shown on both maps and are discussed later. 

The upper part of the Minnelusa formation of the Black Hills is 
mostly sandstone and corresponds with the Tensleep. The lower part 
contains black shales and limestones as well as sandy beds. One sec- 
tion near Hot Springs, South Dakota, contains oil shale. There have 
been good showings of oil in this part of the Minnelusa in at least 
three wells in the southwestern part of the Black Hills, located on 

15 Ross L. Heaton, “Ancestral Rockies and Mesozoic and Late Paleozoic Stratig- 


raphy of Rocky Mountain Region,” Bull. Amer. Assoc. Petrol. Geol., Vol. 17, No. 2 
(February, 1933), pp. 109-68. 
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depositional basins. Crossed lines show areas of salt and gypsum. Crosses 


Fic. 1.—Paleogeography of Lower Pennsylvanian. 
black. Outstanding structures proved dry are outlined in black. Ruled areas are 
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indicate oil-shale localities. 
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Mule Creek and Old Woman Creek anticlines and near Edgemont, 
South Dakcta. The latter was reported as a 5-barrel showing.'® 

Farther north, at Rocky Ford, 10 miles northeast of Sundance, 
Wyoming, the top member of the Minnelusa is saturated with oil 
on the outcrop. It corresponds with the Tensleep of other localities. 
An eroded anticline is present but the saturation is absent on the high 
parts of the structure and occurs mostly below the lowest closing con- 
tour on the southwest side only. It occurs on both sides of the syn- 
cline and there is a small oil field on the synclinal axis. 

The saturated sands are closely associated with bedded gypsum. 
There are alternations of gypsum and sandstone and even lenses of 
saturated sandstone in the gypsum. Moreover, the occurrence of the 
saturated rock and the gypsum is co-extensive and the structure has 
apparently had no influence on the occurrence of the oil. The maxi- 
mum thickness of the gypsum and saturated sands is go feet. 

It might be argued that this is residual oil which escaped from the 
structure downdip after erosion had progressed sufficiently to release 
the hydraulic pressure which originally had retained the oil in the 
anticline. The escape would begin where erosion first uncovered the 
sand. In the case of the Rocky Ford anticline this would have been 
in the canyon of Sand Creek at the east end of the structure, where 
all of the Minnelusa and part of the Pahasapa (Mississippian) are 
now exposed. Neither oil saturation nor gypsum is present in the top 
of the Minnelusa at this point. 

The logical conclusion is that the oil is indigenous to the containing 
sandstone and that the conditions under which the gypsum was de- 
posited were favorable for the formation of source material. The shore 
line of the Pennsylvanian sea was comparatively close on the north- 
east. It is suggested that a detailed stratigraphic study may indicate 
the locality and extent of this or other semi-inclosed basins which 
might have oil possibilities. 

The conditions under which the oil occurs suggest the application 
of the humic-acid theory of origin as set forth by Haseman"’ and Rae.!* 
This theory may also apply to occurrences such as the Athabaska tar 
sands and the asphalt sands of the Wasatch formation in the Uinta 
basin, Utah. . 

In a part of southeastern Colorado, Pennsylvanian sediments are 

16 W. W. Rubey, “Possibility of Finding Oil in Anticline near Edgemont, South 
Dakota,” U.S. Dept. Interior Memorandum for Press (August 19, 1926). 


_' J. D. Haseman, “Origin and Environment of Source Sediments of Petroleum De- 
posits,” Bull. Amer. Assoc. Petrol. Geol., Vol. 14, No. 11 (November, 1930), pp. 1465-68. 


18 Colin C. Rae, “Organic Material of Carbonaceous Shales,” ibid., Vol. 6, No. 4 
(July-August, 1922), pp. 333-41. 
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absent from the Las Animas arch, a northeast projection of that part 
of the “Front Range” land area. The arch continues as a buried granite 
ridge at least as far as the center of the east boundary of the state. 
The Lower Pennsylvanian has yielded important showings of oil in 
several wells on, and adjacent to, this buried ridge. Farther south, 
on the east side of the ancient highland, there is evidence that ap- 
proximately 4,000 feet of beds ranging from Ordovician to Permian 
age have played out within a few miles from the basin toward the 
buried ridge.'® The question of unconformities on the ridge and of 
unconformities, truncation, overlap, or depositional wedging against 
the ridge would seem to give ample opportunity for stratigraphers to 
decipher details of geologic history with profitable results. 

Southeastern Utah, southwestern Colorado, and northeastern New 
Mexico comprise a depositional basin in which there are several oc- 
currences of oil in Pennsylvanian beds. There is Pennsylvanian pro- 
duction in the Rattlesnake field of northwestern New Mexico and the 
San Juan field of southeastern Utah in the lower Hermosa or Good- 
ridge formation. Considerable oil was found in the Moab district, 
eastern Utah, in the Paradox formation which lies below the Her- 
mosa.”° Good showings of oil and gas in the McElmo dome in south- 
western Colorado came from higher in the Pennsylvanian. Shale 
yielding 30 gallons of oil per ton was found in the Magdalena for- 
mation in Sandia Mountains, east of Albuquerque, New Mexico. 

The occurrence of oil, especially in the lower part of the Penn- 
sylvanian, seems to bear a definite relationship to the margin of the 
basin but whether the formation of source beds is controlled by such 
a broad feature is yet to be learned. It is probable that favorable con- 
ditions were present only locally but that the position of these local 
areas bears a definite relationship to the shore lines. 

The Paradox formation, in which the oil was found at Moab, is 
mostly gypsum and salt, with associated black shales and limestones. 
Deposition was apparently in a basin which was cut off from the sea 
except for an inlet to supply water for evaporation.” The approxi- 
mate extent of the saliferous deposits is shown on Figure 1; also 
shown is a smaller basin of similar nature in northwestern Colorado, 
where gypsum occurs in beds considerably younger than the Paradox 
formation. The oil which was found in the Rangely dome was from 


19 Ross L. Heaton, of. cit., p. 136. 

20 A. A. Baker, “Geology and Oil Possibilities of the Moab District, Grand and 
San Juan Counties, Utah,” U. S. Geol. Survey Bull. 841 (1933), p. 81. 

2. A. A. Baker, C. H. Dane, and John B. Reeside, Jr., ‘Paradox Formation of 
Eastern Utah and Western Colorado,” Bull. Amer. Assoc. Petrol. Geol., Vol. 17, No. 8 
(August, 1933), P- 979- 
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the Weber sandstone and is comparable with the Tensleep production 
of Wyoming. 

In the Holbrook area of eastern Arizona southwest of the “Zuni” 
and ‘‘Defiance” elements there was another area of black shale and 
limestone deposition accompanied by salt in the later stages. Another 
semi-inclosed basin is indicated here and its existence is corroborated 
by evidence of a high Pennsylvanian area in the Grand Canyon dis- 
trict. The Permian Supai formation rests on the Redwall limestone 
of Mississippian age.” A land area which appeared in southwestern 
Arizona in late Pennsylvanian or early Permian time (Fig. 2) may 
have attained sufficient prominence in earlier Pennsylvanian time to 
have completed the inclosure of this basin. 


LATE PENNSYLVANIAN AND PERMO-PENNSYLVANIAN 


Figure 2 represents a composite of late Pennsylvanian and early 
Permian time. 

All the oil and gas fields in Wyoming produce from the Tensleep 
sandstone and are the same as those shown in Figure 1. In northwest- 
ern Wyoming the shore line had shifted to the southeast, exposing to 
erosion a great area of the Tensleep of the older Pennsylvanian. 
Sands from this territory continued to furnish material for deposi- 
tion in the more restricted basin on the southeast and there was un- 
doubtedly a zone of considerable width in the region of the shore line 
as shown in Figure 2, in which oscillatory conditions resulted in the 
presence, in the same section, of sandstones resulting from both the 
earlier and later periods of deposition. Areas on both sides of the shore 
line, as shown by Figure 2, were later covered by the marine beds of 
the Embar formation (Fig. 3) and these evidently contained source 
beds. 

It is generally agreed that the Embar supplied the source material 
for all of the Tensleep fields of Wyoming.” An examination of the 
Embar map (Fig. 3) throws some doubt on this assumption, however. 
There seems to have been no other possible source than the Embar 
for the Tensleep oil in the western group of fields because the Ten- 
sleep lies directly on the Amsden formation and is itself entirely sand- 
stone. For the eastern group of fields the stratigraphic picture has 
changed, both above and below the Tensieep. The Embar has changed 

2 A. A. Baker, “Geology and Oil Possibilities of the Moab District, Grand and 
San Juan Counties, Utah,” U.S. Geol. Survey Bull. 841 (1933), pp. 17-19. 


% John G. Bartram, “Oil Gravities in the Rocky Mountain States,” Problems of 
Petroleum Geology (Amer. Assoc. Petrol. Geol., 1934), p. 161. 

H. F. Davies, “Structural History and Its Relation to the Accumulation of Oil 
and Gas in the Rocky Mountain District,” ibid., p. 687. 
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from typical marine sediments to red beds, gypsum, and thin lime- 
stones. The line separating the true marine basin and the area of red- 
beds deposition is farther west than that shown by Bartram™ and 
leaves the eastern group of Tensleep fields outside the marine Embar 
basin. This seems to eliminate the Embar as the source of the oil in 
those fields and leads to a consideration of other possible sources. 

Stratigraphic data are at hand which indicate another stage in 
the geologic history of central Wyoming, but they are scarcely ade- 
quate for the construction of another map. Such a map might be 
labeled ‘‘Late Lower Pennsylvanian” and would belong between 
Figures 1 and 2 of this paper. It would show an extension of the 
“Front Range’’ positive element slightly west of north across central 
Wyoming, including practically all of Bighorn Basin. In this area the 
Tensleep consists wholly of sandstone and lies unconformably on the 
Amsden formation or on the Madison. It varies greatly in thickness 
due in part at least to the uneven surface upon which it was deposited. 
On each side of this positive element the sandstone of the Tensleep is, 
in its lower part, interbedded with fossiliferous limestones and shales 
and underlain by older beds of similar nature, the latter being younger 
than the Amsden formation. Such beds are the lower part of the Wells 
formation of Idaho, the Casper formation east of the town of Casper, 
and the Minnelusa of the Black Hills. In northern Wyoming, on the 
eastern side of the Bighorn Mountains, the boundary of this ancient 
positive element is determined roughly by measured sections on 
Amsden Creek, northern Sheridan County, and on the north fork of 
Crazy Woman Creek in Johnson County. In the former, 100 feet of 
sandstone lie directly on the Amsden formation. In the latter, there 
are 380 feet of sandstone, with limestone in the lower part, underlain 
by 150 feet more of limestones and shales above the typical Amsden 
beds. 

The eastern boundary of this pre-Tensleep high area happens to 
coincide roughly with the line of change from non-red to red sedi- 
ments on the Embar map. Off the eastern edge of the positive area 
several sections, such as at Ervay in the Rattlesnake Mountains, at 
Alcova and at No Wood in the Bighorn Basin, begin to show lime- 
stones and shales, especially in the lower part.. These increase in 
thickness downward and east and form the greater part of the 
Casper formation eastward toward Douglas. They correspond in a 
general way with the lower Hartville of the Hartville uplift and prob- 
ably with a part of the Minnelusa of the Black Hills. Since the Embar 
marine beds do not extend east of this positive element, the most 


2 John G. Bartram, op. cit. Figs. 2 and 3, pp. 162, 164. 
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logical source of the oil in the Tensleep sand of the eastern group of 
fields appears to be in these lower beds. A recent discovery in the Ten- 
sleep at Lance Creek bears out this assumption. The Embar is not 
productive in this area. 

The gas in the Farnham and Woodside anticlines in Utah is in 
the Coconino sandstone, but the source material is doubtless in the 
overlying Kaibab limestone (Fig. 3). 

In the later stages of their deposition the Tensleep and related 
formations wedged out toward the Ancestral Rockies and as a rule 
interfingered with the red beds which were derived from the Front 
Range and San Luis positive elements. In northern Colorado the 
Ingleside formation merges southward into the Fountain formation. 
In northwestern Colorado the Weber disappears between the Utah 
state line, where it is 1,000 feet thick, and the Flat Top uplift, except 
for the extreme upper part which is go feet thick at the latter locality. 
The thinning continues to Glenwood Springs and the formation 
wedges out a short distance farther southeast. On White River and 
at Glenwood Springs it lies on the red beds of the Maroon formation, 
which is absent at the Utah line and also at Cross and Juniper Moun- 
tains, a considerable distance into Colorado. In southeastern Utah the 
Coconino merges into the upper Cutler formation of the San Juan 
Mountains.” 

The edge of this great sandstone wedge presents opportunities for 
more detailed work in determining localities where it wedges out up- 
dip and is associated with source beds. Such localities may be found 
in the eastern part of Red Desert basin in southwestern Wyoming, 
southeastern Uinta basin in northwestern Colorado, or the San Juan 
and Raton basins of New Mexico. 


PERMO-PENNSYLVANIAN AND PERMIAN 

Figure 3 shows the extent of marine non-red and red-beds deposi- 
tion which, in the west, began before the end of Pennsylvanian time. 
The lower Park City and Embar formations are late Pennsylvanian. 
Unquestionably this invasion of marine waters from the Pacific began 
before the deposition of the light-colored sands had reached its maxi- 
mum extent, the later stages of sand distribution being mostly by 
wind action. Thus Figure 3 overlaps Figure 2 in point of time. In 
the region exposed to erosion by the southeastward recession of the 
shore line (Fig. 2) there is an unconformable contact between the 
Embar and Tensleep of Wyoming and between the Park City and 


25 A. A. Baker and John B. Reeside, Jr., “‘Correlation of the Permian of Southern 
Utah, Northern Arizona, Northwestern New Mexico, and Southwestern Colorado,” 
Bull. Amer. Assoc. Petrol. Geol., Vol. 13, No. 11 (November, 1929), p. 1443. 
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Fic. 3.—Paleogeography of Permo-Pennsylvanian and Permian. Oil and gas 
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Weber of Utah. Farther south there is a gradational contact between 
the Kaibab limestone and the Coconino sandstone. The Kaibab, near 
its eastern limit, probably represents only the upper Kaibab of the 
area on the north and west. The Coconino of the eastern area is 
therefore equivalent in age to a part of the Kaibab farther west.” 

As shown by the map (Fig. 3), the producing fields of the Embar 
are confined to the marine basin with the exception of Bolton Creek. 
It is possible that the oil in both the Embar and Sundance formations 
in this field is not indigenous to those formations, since both yield 
black oil. The Sundance usually produces light oil. In all other fields 
it is assumed that the Embar contains its own source beds. 

The Salt Creek field is an outstanding example of a good structure 
which is productive in the Tensleep but not in the Embar. 

The two gas fields in Utah are from the Coconino sandstone, which 
is here overlain by the Kaibab limestone. The Farnham anticline is 
northwest of the Woodside structure and the gas is nearly pure car- 
bon dioxide with small amounts of oxygen and hydrogen sulphide. 
The Woodside gas is 31.7 per cent carbon dioxide, 62.3 per cent 
nitrogen, 5.7 per cent ethane, and 1.31 per cent helium with small 
amounts of oxygen. 

Dobbin* cites several theories as to the probable origin of the 
carbon dioxide in natural gases. It may be the result of incipient 
metamorphism in basement rocks lying at shallow depths, by oxida- 
tion of the hydrocarbons through contact with mineralized waters, 
or by the metamorphic action of hot magmas intruding limestone. 
Hammar*™ and McCoy” have shown that the end products of aérobic 
bacterial action may be carbon dioxide and water. Inasmuch as there 
are ordinarily small amounts of methane and ethane in gases rich in 
carbon dioxide, this explanation may be found more applicable than 
the other theories mentioned to the conditions under which carbon 
dioxide 1s found in some of the Rocky Mountain fields. That being the 
case, we revert again to the question of source beds. The Farnham 
and Woodside fields are very near the eastern limits of the Kaibab 
limestone in Utah and there may be a relationship to the eastern 

26 James Gilluly and John B. Reeside, Jr., “Sedimentary Rocks of the San Rafael 
Swell and Some Adjacent Areas in Eastern Utah,” U.S. Geol. Survey Prof. Paper 150-D 
(1928), p. 63. 

27 C. E. Dobbin, “Geology of Natural Gases Rich in Helium, Nitrogen, Carbon 
Dioxide, and Hydrogen Sulphide,” Geology of Natural Gas (Amer. Assoc. Petrol. Geol., 
1935), PP. 1067-69. 


28 Harald E. Hammar, “Relation of Micro-Organisms to Generation of Petroleum,” 
Problems of Petroleum Geology (Amer. Assoc. Petrol. Geol., 1934), p. 36. 


* Alex W. McCoy and W. Ross Keyte, “Present Interpretations of the Structural 
Theory for Oil and Gas Migration and Accumulation,” ibid., pp. 262 and 268. 
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limit of the marine basin similar to that of the Embar fields of Wyom- 
ing. 

The Woodside gas, besides its carbon-dioxide content, is high in 
nitrogen and contains some helium. According to Rogers,®° most gases 
having appreciable percentages of helium are of the nitrogen type 
and he suggests that the origin of the two may be in some way related. 
After reviewing the various theories of origin, the same author*™ gives 
as his preference the theory of derivation from radioactive elements. 
This theory seems to be strengthened by the occurrence of helium 
in many localities in reservoirs relatively close to basement rocks, as 
pointed out by Dobbin.® If this should develop into a tenable theory, 
the locality of ancient positive elements may present clues as to the 
location ot additional supplies of helium and, conversely, the dis- 
covery of helium may be considered as indicative of the presence of 
positive elements, the existence of which had not been determined 
by stratigraphic studies. 


LOWER TRIASSIC 


Figure 4 shows the area submerged more or less continuously dur- 
ing Lower Triassic time. The Nevada Mountains are shown as ex- 
tending farther south than in the original map and an attempt has 
been made here to show the limits of the true marine basin in which 
the Thaynes limestone and equivalents were deposited. Thin lime- 
stones, such as the Virgin series of southwestern Utah and the Sinbad 
of the San Rafael country, extended farther east, but that section asa 
whole is predominantly made up of red beds. 

Along the western border of the red-beds area there is an alterna- 
tion of gray and red sandstones and sandy shales, especially in the 
lower part of the Moenkopi formation. These show oil saturation at 
several horizons on San Rafael River at the mouth of Buckhorn 
Draw. On Green River there are seepages and small wells in the 
Moenkopi, and at Salt Wash wax and some oil were found in the 
same horizon. A good flow of gas was found in the Moenkopi on Last 
Chance anticline and the old Virgin field in southwestern Utah gets 
its oil from the basal member. The Virgin limestone member furnishes 
seepages. 

It may be significant that all the foregoing occurrences are near 
the zone of change from the Thaynes basin to the area of alternating 


3° G. Sherburne Rogers, ‘“(Helium-Bearing Natural Gas,” U.S. Geol. Survey Prof. 
Paper 121 (1921), p. 38. 


31 Op. cit., p. 68. 
2 C. E. Dobbin, of. cit., p. 1064. 
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gray and red sediments. This zone also marks the decrease in porosity 
from the sandy beds of the east to the impervious limestones and 
shales of the west. The shales accompanying the thick limestones of 
the Thaynes are olive and pink instead of black or gray, the colors 
usually associated with source beds. 

The two fields of Wyoming have some production in the red beds 
of the Chugwater formation but the source is probably in the Embar. 

The Boulder Knoll field in southeastern Utah produces gas from 
the Shinarump conglomerate of Upper Triassic age. The fields of New 
Mexico and Colorado are also in the Upper Triassic but no map for 
that period is included in this paper because of the unimportance of 
the fields and the fact that the occurrence of the gas was probably 
not influenced by Upper Triassic paleogeographic features. The rela- 
tionship seems rather to have been with older geologic history, since 
all of these fields are in the area of the Front Range positive element 
of Pennsylvanian time and the producing sands are not far removed 
from the basement rocks. They produce non-inflammable gas, mostly 
carbon dioxide. The gas from the Abbott anticline, in Colfax County, 
New Mexico, contains 28 per cent nitrogen. Gas from the Model 
dome in southeastern Colorado contains 80 per cent nitrogen and 7 
per cent helium. None of the analyses of gas from these fields shows 
ethane or methane. There are no beds associated with the producing 
sandstone (Santa Rosa) that have the appearance of containing source 
beds for petroleum. These facts give support to the theory that gases 
of the nitrogen type were derived from radioactive elements. 


JURASSIC 


Figure 5 shows the distribution of the Entrada or Sundance sand- 
stone and the area of marine deposition which immediately followed 
it. The Entrada and its equivalents are probably almost entirely of 
eolian origin. The upper part was reworked by marine waters ad- 
vancing from the north. In this marine basin were deposited a part of 
the Ellis formation of Montana, the Sundance of Wyoming, and the 
Curtis of Utah and western Colorado. The boundary of the marine 
basin in Colorado and Utah is changed from the original map to con- 
form to new data published by Baker, Dane, and Reeside.* The same 
publication was the basis for slight changes in the south boundary of 
the Entrada in Utah and northwestern New Mexico. The remainder 
of the Entrada map differs widely from that of Baker, Dane, and 


3 A. A. Baker, C. H. Dane, and John B. Reeside, Jr., “Correlation of the Jurassic 
Formations of Parts of Utah, Arizona, New Mexico, and Colorado,” U.S. Geol. Survey 
Prof. Paper 183 (1936), p. 50. 
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Reeside, for reasons given in the original paper.“ More data on condi- 
tions east of the Colorado Front Range might show a patchy distribu- 
tion of the Entrada from the neighborhood of Boulder southward to 
a point east of Canon City. The zone might extend a considerable 
distance eastward. Foothills exposures in this zone show several sec- 
tions in which the sandstone is absent. From Morrison southward, 
sections showing the sandstone alternate with those showing gypsum 
at the same stratigraphic position, but in no section do both occur. 
The gypsum is considered as the equivalent of the Todilto formation 
of New Mexico. In the latter locality the gypsum occurs above the 
sandstone. The same relations exist between the Exter sandstone and 
the overlying gypsum in southeastern Colorado. 

Figure 5 shows that the oil fields of the Sundance in Wyoming 
and Colorado occur only where the marine basin overlaps the En- 
trada sandstone. The fields are confined to the southeastern part of 
the basin and the conditions under which source beds were formed 
may have been controlled by successive positions of the shore lines 
as the sea advanced or retreated. These, presumably, were roughly 
parallel. 

In northwestern Color.do there are three structures close to- 
gether. Two of these, Iles and Moffat, produce oil from the Sundance, 
and the third, Thornburg, had a showing of oil at the south end and 
a small amount of gas on top. There is a very marked thinning of the 
black marine shales of the Sundance toward the southeast in this 
locality and although there may be some other explanation of the 
lack of oil at Thornburg, it is possible that it is due to lack of source 
beds. 

It is quite evident that production in the Sundance sand is not 
to be expected except where the sand and overlying marine beds are 
both present. In other parts of the marine basin other reservoir rocks 
must be present, as in the fields of northern Montana. Sands higher 
in the Sundance formation may occur, as in the Lance Creek field, 
and involve a separate stratigraphic problem. 

There are other possibilities in the Jurassic rocks. The Navajo 
sandstone (Nugget of southwestern Wyoming) is overlain by the 
marine beds of the Carmel formation and its equivalents. The Carmel 
represents a period of marine invasion older than that of the Sundance 
and is much more restricted in extent. There are great variations in 
the distribution of all of the Jurassic formations. The Carmel may 
play out, bringing the Entrada and Navajo together. The two may 
thin to one unit overlain by the Sundance, as is probably the case in 


* Ross L. Heaton, op. cit., pp. 127-29. 
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the so-called Nugget sandstone of parts of Utah and Colorado. More- 
over these sands may be found to wedge out updip in the presence 
of marine beds at such localities as Uinta, Green River, and Bighorn 
basins. 

Harley dome, in east central Utah, produces gas from the Entrada 
and is outside the marine basin. The gas is 84 per cent nitrogen and 
7 per cent helium with small amounts of ethane and methane. It re- 
sembles the non-inflammable gas fields of the Triassic in northeastern 
New Mexico in that it is on a Carboniferous positive element and 
there are no beds associated with it which have the appearance of 
containing source rocks. 


LATF LOWER CRETACEOUS AND UPPER CRETACEOUS 
DAKOTA GROUP 


Figure 6 shows the maximum extent of the Dakota group of 
sandstones and shales and the overlying Benton formation. In the 
so-called Dakota group are included the Cloverly of Wyoming and 
the Kootenai of Montana as well as the upper sandstone, the Muddy 
or Newcastle, and the intervening shales. Lower Cretaceous beds are 
included in the Cloverly and Kootenai and probably also in the 
Dakota group of other localities. The map is therefore of very general 
nature and includes an extensive time interval. The sandstones of 
this group are not blanket sands over the whole area but comprise a 
great series of overlapping lenses, the limits of which may be de- 
termined by detailed work. The history of sedimentation in this 
period was one of oscillatory movements of varying duration resulting 
in alternations of sandstones and shales, both marine and conti- 
nental, and lasting well into Benton time. Examples are the sands in 
the Mowry shale of Wyoming and the Blackleaf sandy member of 
the Colorado shales of Montana. 

The distribution of the fields shown on the map indicates a wide- 
spread occurrence of source beds, but it must be remembered that it 
is probably not possible to correlate such beds as to age, except locally, 
even though they may be apparently at the same stratigraphic posi- 
tion. Detailed studies may show, for instance, that there are many 
distinct horizons of source beds in the Benton shale alone, each hav- 
ing definite geographic limits. These studies may explain the lack of 
oil in good structures in the same general localities as producing 
fields, such as in central Montana and northwestern New Mexico. 
There are, of course, other explanations, but they are not proved 
simply because they seem to be obvious. 

In the Dakota group and associated formations, we have again 
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Fic. 6.—Paleogeography of late Lower Cretaceous and early Upper Cre- 
taceous. Oil and gas fields in solid black. Outstanding structures proved dry are 
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the possibilities of wedging sands under the proper structural condi- 
tions, as in the Cut Bank and Osage fields. The northern Montana 
fields, unlike those in the remainder of the Rocky Mountain region, 
probably have their source beds in the underlying Jurassic rocks. The 
fresh-water Morrison beds, which usually overlie the marine Jurassic, 
are absent in that area. 


FRONTIER 


In Figure 7 the extent of the marine basin is shown to be the same 
as in Figure 6. A line has been added to show the eastern limits of the 
thick Frontier sandstones, which have their counterpart in the Ferron 
sandstone series of central Utah. A thin, commonly fine-grained 
sandstone, which is equivalent to a part of the typical Frontier, ex- 
tends over wide areas. It is given the name Frontier in northwestern 
Colorado, Ferron in eastern Utah, Tocito in New Mexico, Carlile in 
eastern Colorado, and Codell in Kansas. It has small production in 
two or three places, but in many localities it emits a fetid odor when 
broken. 

The Frontier production is apparently limited by the extent of the 
thicker phase of that formation. Production shown outside that area 
is either shale oil or from beds slightly higher or lower than the Fron- 
tier. 

Stratigraphic traps may be found in the Frontier sands where 
they wedge out updip at such localities as in the Powder River, 
Laramie, and Uinta basins. 


PIERRE 


Periods of sandstone deposition recurred from time to time 
throughout Upper Cretaceous time. The source of materials was at 
the west and the wedges of sandstone extended various distances 
eastward. One of the outstanding examples of sandstone deposition 
is represented by the Mesaverde formation and its equivalent, the 
Judith River formation of Montana. These formations represent a 
break in the long period of shale deposition in Pierre time. In some 
localities 3,000-4,000 feet of sandstones, shales, and coals accumu- 
lated as continental or brackish-water deposits overlain by the Lewis 
or Bearpaw shales and underlain by the Mancos, Steele, or Claggett 
shales, all Pierre equivalents. 

The area of Pierre deposition is shown in Figure 8 as somewhat 
more restricted than that of Benton time. The map also shows the 
approximate eastern limit of typical Mesaverde deposits and the area 
still farther east in which equivalent sandstones thinned considerably 
and were deposited under marine conditions. These are represented 
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Fic. 7.—Paleogeography of late Benton or Front 
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by the Hygiene group of eastern Colorado and Wyoming and by the 
marine Judith River of Montana. They wedge out eastward and may 
have possibilities as stratigraphic traps in the Denver and Powder 
River basins and at the north end of the Black Hills uplift. 

There is no important production from the Mesaverde group at 
present. Some gas is produced in northwestern Colorado from the 
lower members, presumably in close proximity to the marine shales 
of the Mancos formation. The fields shown outside the limits of the 
marine sandstones are shale-oil producers. 

Another prominent sandstone member near the base of the Pierre 
produces gas in many localities in Montana. This is the Eagle sand- 
stone. Production is all on closed anticlines, but it is yet to be ex- 
plained why such prominent structures as Ingomar and Willow Creek 
fail to produce. A map of the eastern and southern limits of the 
Eagle would disclose interesting possibilities. 
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WATER-INSOLUBLE RESIDUES IN ROCK SALT OF 
LOUISIANA SALT PLUGS! 


RALPH E. TAYLOR? 
Baton Rouge, Louisiana 


ABSTRACT 


The concept that rock salt of the Gulf Coast salt plugs is virtually pure halite has 
been established on surprisingly meager data, and is contrary to what should be ex- 
pected in the light of what is known of salt deposits in other parts of the world. The 
composition of Gulf Coast rock salt has direct bearing on the origin of cap rock. 

The amount and character of water-insoluble residue has been determined for rock 
salt from 20 Gulf Coast localities, chiefly in Louisiana, and has been found to be much 
the same as that of the German occurrences. The residues average between 5 and 10 
per cent by weight of the rock salt and consist largely of anhydrite grains, but the fol- 
lowing minerals, in the order of abundance, have been found in one or more localities: 
dolomite, calcite, pyrite, quartz, limonite, hematite, hauerite, sulphur, celestite, mar- 
casite, barite, kaolinite, gypsum, magnesite, danburite, boracite, and a new borate. 
Inclusions of brine, gas, oil, and sand are not uncommon in the salt plugs of the Gulf 
Coast. Petrographic analyses of the sand inclusions from Avery Island and Jefferson 
Island show that they differ from known sands of the Gulf Coast. Potash salts are 
present in 10 of the 21 salt plugs studied. 

Petrographic analyses are to be made of cap rock from several of the salt domes 
studied in order to determine whether the distinctive minerals of the residues occur in 
the ree rock in such relationship as to indicate its formation by accumulation of water- 
insoluble residue from the salt. 


INTRODUCTION 


The rock-salt deposits of the Gulf Coast have long been objects of 
scientific interest and have been the subject of a great many discus- 
sions. Many of the articles which have been written about these de- 
posits have been of a theoretical nature and very few of them have 
treated in any detail the actual mineral composition of the rock salt. 
In most instances the salt has been dismissed with the statement that 
it is virtually pure halite. Other rock-salt deposits than those of the 
Gulf Coast, however, have proved to be highly complex in composi- 
tion. Very detailed studies of the German deposits have shown that 
they consist of a complex series of soluble and insoluble salts, and also 
contain various types of foreign inclusions. German geologists have 
for many years been of the opinion that the “gypshut” or cap rock 
which overlies some of the salt plugs has been formed through the solu- 
tion of soluble salts and the accumulation of water-insoluble materials. 
This explanation has been rather widely accepted for all occurrences 
of salt-dome cap rock, although somewhat reluctantly for the Gulf 


1 Manuscript received, July 23, 1937. 
2 School of Geology, Louisiana State University. 
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Coast because the rock salt of this region is considered to be much 
more nearly pure halite than that of other regions. The petrographic 
studies of the cap rock of Gulf-Coast salt domes made by Goldman 
(1925; 1933)* and Brown (1931) have shown that the anhydrite cap 
rock in particular contains minerals which are also known to occur in 
the salt plugs. However, the literature contains too little quantitative 
data on the composition of the rock salt to justify definite conclusions 
regarding a relationship between cap rock and salt plug. 

In the course of studies of the cap rock of Louisiana salt domes,’ 
the writer examined water-insoluble residues of rock salt from a few 
Gulf Coast localities, and became convinced that they are sufficiently 
complex in mineral composition to warrant detailed study. Conse- 
quently, during the past year, samples have been collected and 
studied from 20 localities—17 in Louisiana, two in Texas and one in 
Mississippi. The results of this study, together with such additional 
data as could be obtained from the literature, have been assembled in 
the present paper. For the purposes of comparison, rock salt from 
bedded deposits of the Kansas and New Mexico Permian and from the 
Michigan Silurian have been examined, and these data likewise are 
presented. 

This study can be considered as little more than a preliminary 
treatment of a subject which needs much more attention. As has been 
indicated, the primary object has been to obtain data regarding the 
amount of insoluble residue present and to determine whether the 
mineral asembiage of the residues is sufficiently characteristic to per- 
mit its identification, if present in the cap rock. The need of more work 
is especially borne out if one considers that of the 134 localities in the 
Gulf Coast in which rock salt occurs,’ not more than 30 of them, in- 
cluding those reported on in the present paper, have been the subject 
of even a preliminary study. Because of their importance in connec- 
tion with cap-rock and other salt-dome problems, and in view of their 
complex mineral composition, these interesting bodies should be made 
the basis of detailed studies wherever feasible. 

The present study has been made possible through the generous 
coéperation of the salt, sulphur, and oil companies operating in 


3 P pee es references are listed in the bibliography at the end of the paper, ar- 
ranged alphabetically according to authors, and according to date of publication where 
more than one reference is listed from the same author. 


4 Studies which are in progress at the School of Geology, Louisiana State Univer- 
sity, results of which are to be published later by the Louisiana Geological Survey. 


5 Based on figures of Hanna (1934) and Sawtelle (1936), and including the recently 
proved Harang or Valentine, Marchand, and Henderson salt plugs in Louisiana, and 
the occurrences at Smackover, Arkansas, and in Lamar County, Mississippi. 
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Louisiana, and of the Research Division of the Louisiana Geological 
Survey.® The writer wishes also to acknowledge the assistance of R. 
Dana Russell, School of Geology, Louisiana State University, in 
making this study and in preparing the report. The photomicrographs 
in Plates 6-10 and Figs. 2 and 3 in Plate 4 were made by George 
Hickens, Freeport Sulphur Company, Port Sulphur, Louisiana. 


PREVIOUS WORK 


Rock salt was discovered in the Gulf Coast in 1862, at Petite 
Anse (Avery Island). Thomassy (1863) was the first to report on its 
composition, stating it to be 97.920 per cent sodium chloride. Hilgard 
also became interested in the occurrence soon after its discovery, 
writing about it as follows: ‘“‘an analysis of a specimen of the salt 
which I obtained in 1863, showed its only impurity to consist of 0.120 
per cent gypsum [undoubtedly anhydrite]”’ (1872). Goessman (1867) 
also published an analysis shortly after discovery of the rock salt, 
reporting 0.79 per cent CaSO, and 0.33 per cent water. These early 
reports seem to have gone far in establishing the idea that the rock 
salt of the Gulf Coast is virtually pure halite. The only early report 
of an appreciable amount of insolubles is that of Bolton (1888); but 
his determination of 7 per cent, chiefly gypsum (undoubtedly anhy- 
drite), for the black bands at Avery Island seems to have received 
little attention. 

Table I presents a summary of the published data on percentages 
of insoluble residue. The most detailed studies on rock-salt deposits 
of the Gulf Coast that have appeared are those of Harris and Veatch 
on the Five Islands of Louisiana. Although these authors described 
the “banding” or “striping” at Avery Island, Weeks Island, and Belle 
Isle, and knew that the darker bands contained appreciable amounts 
of anhydrite, they thought of the rock salt as essentially pure halite. 
Rogers (1918), Vaughan (1925), and Howe and Moresi (1931) have 
also discussed in some detail the rock salt of the Five Islands. The 
most complete treatment of residues and inclusions in the rock salt 
of the Gulf Coast is that of Hanna (1934); he presented data on the 


® Because of their hygroscopic nature, rock-salt specimens are difficult to preserve, 
and consequently not easily obtainable. Without the whole-hearted coéperation re- 
ceived, a study of this kind would not have been possible. Samples of rock salt were 
contributed by: Avery Island Salt Mining Company; Carey Salt Company; Jefferson 
Island Salt Mining Company; Myles Salt Company; Potash Company of America; 
U. S. Potash Company; Jefferson Lake Oil Company; Freeport Sulphur Company; F. 
H. Lahee, Dallas, Texas; J. T. Grafton, Lake Charles, Louisiana; R. B. Grigsby, Lake 
Charles, Louisiana; H. V. Howe, Louisiana State University; C. C. Kemp, Lafayette, 
Louisiana; George May, Louisiana State University; C. L. Moody, Shreveport, Loui- 
siana; W. C. Phalen, Syracuse, New York; K. T. Price, Port Sulphur, Louisiana; J. P. 
Smith, Carlsbad, New Mexico; Paul Weaver, Houston, Texas; and Fred S. Wright, 
Midland, Texas. 
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residue at Hockley and summarized previous work. Goldman (1933) 
discussed the reported occurrences of large inclusions and pointed out 
that little is known about these, excepting for the one at Avery 
Island. Occasionally, published reports on salt domes contain drillers’ 
logs in which reference is made to inclusions of anhydrite, gypsum, 
and sand within the salt plug, generally near the boundaries. None 
of these inclusions, however, appears to have been made the subject 
of detailed studies. The presence of sand within the rock salt at Belle 
Isle, first noted by Lucas (1898), the “gypsum”’ inclusion at Drake to 
which Spooner (1926) refers, and the anhydrite lenses at Smackover 
(Spooner, 1932), seem to be generally accepted as definite occurrences, 
however. 

Potash salts have been reported from several localities. These are 
listed in Table II. The only fossils known to occur in the salt plugs of 
the Gulf Coast are algae at Markham, Texas (DeGolyer, 1925; 
Tilden, 1930). 


TABLE II 

Gutr Coast SALt PLuGs From WuicH PotasH SAtts HAVE BEEN REPORTED 

Bayou Boggy East Hawkins- Mark- 

Locality Bouillon, Creek, Hackberry, ville, ham, 

Louisiana Texas Louisiana Texas Texas 

Reported by: | De Golyer | McLellan, | Howe and Hanna De Golyer 
(1931) Wendlandt Moresi (1934) (1925); (also 
and Knebel (1931) reported 

(1932) fossil algae) 


The structure and composition of the bedded salt deposits in other 
parts of the North American continent, as well as those in other parts 
of the world, have received some attention. Crystals of anhydrite are 
included in the salt at Malgash, Nova Scotia (Powers and Hopkins, 
1922), forming dark bands very like those found in the rock salt of the 
Gulf Coast. The rock salt of the New York and Michigan Silurian 
and of the Kansas Permian contains some anhydrite, although the 
total amount of insolubles is reported as being very small (see Phalen, 
[1919], for a brief treatment of all areas, Alling [1928], for New York, 
Rogers [1910], for Kansas, and Cook [1914], for Michigan). These 
deposits show some banding and, in addition, contain lenses of an- 
hydrite, dolomite, sandstone and shale. The rock salt deposits of New 
Mexico contain beds of potash salts and also carry anhydrite as 
alternating layers and as disseminated grains (Schaller and Hender- 
son, 1932). Dane (1935) states that the rock salt of Utah and Colo- 
rado, Pennsylvanian in age, is highly complex in composition. 
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Rock salt of the Mexican salt plugs has been referred to as similar 
to that of other salt-dome regions by Hartley (1917; also see Ver 
Wiebe, 1926). At Zipiquira, Colombia, rock salt occurs in a plug-like 
structure, and, according to Biicking (1911), contains microscopic 


crystals of pyrite and magnesite. 


TABLE III 


MINERALS FROM WATER-INSOLUBLE RESIDUES OF THE GERMAN ZECHSTEIN SALT 
Deposits (MAINLY FROM BOEKE, 1910) 


Mineral Remarks 

Anhydrite Crystals and cleavage fragments in both younger and 
older Zechstein 

Boracite Crystals, from many localities 

Carbonates of Ca and Mg | Crystals, common 

Celestite Crystals, from several localities 

Goethite Crystals from Kehmstedt, Brumby and Hanirode (also 
K. von Kraatz-Koschlau [1897]) 

Gypsum Crystals in clays interbedded with rock salt 

Hematite Hexagonal plates, from many deposits 

Hydrargillite (Or gibbsite). Hexagonal plates 

Magnesite Douglashall (Ochsenius, 1890), occurrence questioned by 
Boeke (1910), but confirmed by Reidimeister (1912) 

Magnetite Crystals, but not common; as pseudomorphs after hema- 
tite (Miigge, 1913) 

Pyrite Crystals, from many deposits 

Quartz Good crystals, from many deposits 

Rutile As crystals; also reported by Miigge (1913) from 
Hildesia 

Sulphur Crystals from Stassfurt, Leopoldshall, and Hildesia 

Sulphoborite Crystals from Westeregelen 

Calcite Rhombohedral crystals (Reidemeister, 1912) 

Dolomite Rhombohedral crystals (Reidemeister, 1912) 

Brookite (?) — crystals, not definitely identified (Miigge 
1913 

Chlorite As sharp crystals, from Hildesia (Miigge, 1913) 

Malachite As sharp crystals, from Hildesia (Miigge, 1913) 

Tourmaline As sharp crystals, from Hildesia (Miigge, 1913) 

Zircon As sharp crystals, from Hildesia (Miigge, 1913) 

Chalcocite Crystals (Gloeckner, 1914) 

Soluble Cu Salts (Gloeckner, 1914) 

Pyrrhotite Crystals, from Aller-Nordstrum (Harbort, 1915) 

Kaliborite = crystals and crystal aggregates (Biicking, 
1895 


The Zechstein salt deposits of Germany have been studied in much 


greater detail than those of any other region. The manner of occur- 
rence and the structure of the deposits have been described in several 
series of studies by Ochsenius, van’t Hoff, Lachmann, Stille, Seidl 
and others. The data on insoluble residues of the Zechstein salt de- 
posits have been summarzied by Boeke (1910), and these data, supple- 
mented by such other as could be found, are given in Table III. 
Boeke estimates that the “older” Zechstein rock salt with the “‘Jah- 
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resringe,” or alternate bands of light and dark gray salt, contains an 
average of 6 or 7 per cent of anhydrite grains, while the “younger,” 
less banded rock salt is somewhat purer, containing about 2 per cent 
impurities. The rock salt in the Benthe salt stock carries about 5 per 
cent anhydrite in the form of grains, according to Lachmann (1912). 
Bretniitz (1911) presentsanalyses of the “younger” rock salt of Benthe 
showing impurities to be 3-7 per cent, and speaks of a gradational 
series of rock salt to anhydrite. Salt clays, sands, bedded dolomites, 
anhydrite, gypsum, and carbonaceous matter are found in many of the 
German deposits. Extensive study has revealed that the Zechstein 
deposits contain a variety of other types of inclusions in addition to 
those already mentioned. Among these are mother liquor (Boeke, 
1910), carbon monoxide (Erdmann, 1919), carbon dioxide (Beck, 
1912, and many others), hydrogen sulphide (Pfeiffer, 1889; Papp, 1911; 
Tolloczko, 1913); methane (Papp, 1910); petroleum (Graefe, 1911), 
and basalt (Naumann, 1910). 

The rock salt of the Roumanian salt domes is reported to be 98- 
99.9 per cent sodium chloride, but it carries gypsum, anhydrite, clay, 
sands, and carbonaceous material scattered through it, in greatest 
abundance near the top of the salt body (Pustowka, 1929). Pro- 
nounced banding is present in the rock salt at Marosugra salt dome, 
Transylvania (Papp, 1913). 

Powers (1928) has described the rock salt at Cardona in Suria, 
Spain, speaking of black bands which he ascribes to the presence of 
clays and anhydrite crystals. 

The rock salt in the Persian salt domes has been described in some 
detail by Harrison (1930; 1931). He speaks of “salty gypsum,” of 
pink, gray, and white rock salt, and of blocks of included rock 
“plucked” from beds beneath the deposit or picked up as the salt was 
intruded upward. The salt in the salt plug at Salif in Arabia is of a 
“curious dark grey appearance,” according to Wade (1931, p. 326), 
and contains “well-formed microscopic crystals of anhydrite.” The 
salt is mined here, and although the “greater part of-the salt is said 
to be of great purity,” varies from place to place, and some parts of 
the exposure can not be mined because of impurities. 

In Kohat, India, there are extensive deposits of salt of a dark gray 
color, containing bituminous matter and an appreciable amount of 
anhydrite. The rock salt of the Salt Range of India is characterized 
by its association with the “salt-marl’”—a poorly stratified deposit 
made up of dolomite, limestone, gypsum or anhydrite, and rock salt, 
in irregular masses (Wadia, 1926). 

In general, then, it can be said that present ideas about the char- 
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acter of the rock salt of the Gulf Coast are based on a surprisingly 
meager amount of information. The little that is known about this 
rock salt comes from fairly detailed knowledge of one occurrence, 
Avery Island, and brief reports on some dozen others, whereas 
there are 134 localities in which rock salt has been found. The rock 
salt of other regions has been reported to be complex and variable in 
composition. Bedded deposits and salt plugs which have been exten- 
sively explored seem without exception to show this complexity and 
variability. Data which have been assembled from the present study 
indicate that the rock salt of the Gulf Coast salt plugs is far less simple 
than has been generally assumed. Before presenting these data, how- 
ever, methods followed in obtaining them will be outlined briefly. 


METHODS OF STUDY 


Rock-salt samples or residues of sufficient size to be termed repre- 
sentative were obtained from only six of the 20 localities studied. 
Included in these six are the four Louisiana salt plugs at which salt is 
being mined—Avery Island, Weeks Island, Jefferson Island and 
Winnfield,’ and in addition, Choctaw and Lake Washington (Grande 
Ecaille). Jefferson Island was the most completely sampled of any 
locality, since the mine material was supplemented by cores obtained 
from other parts of the salt plug during development of the sulphur 
deposit.* Material from Lake Washington likewise came from cores 
obtained during the drilling of sulphur wells. The samples from Choc- 
taw are chiefly residues resulting from the production of brine.’ 
Material for the other localities is from cores taken during the drilling 
of oil and sulphur wells. 

The water-insoluble residue of the rock salt was obtained by solu- 
tion of known weights of clean, dry samples in cold, distilled water. 
The residue was caught in a filter paper, washed to remove all traces 


7 The writer collected samples at Winnfield in March, 1937, with the assistance 
of M. C. Mann, chemist, Winnfield, and of James Ford and Stanley McDonald, School 
of Geology, Louisiana State University. The other salt mines were sampled by the 
writer, with the aid of R. Dana Russell, of the faculty of the School of Geology, Loui- 
siana State University, and J. Huner, Jr., Louisiana Geological Survey, in April, 1936. 


8 For discussions of the geology of Avery Island, Weeks Island, and Jefferson 
Island, see Harris and Veatch (1899), Harris (1908), Vaughan (1925), and Howe and 
Moresi (1931); O’Donnell (1935) has described the sulphur deposit at Jefferson Island. 
The geology of Winnfield salt dome will be discussed in a bulletin of the Louisiana 
—a Survey on Winn and Caldwell parishes which is being prepared by J. 

uner, Jr. 


® This salt dome is discussed by Russell, Howe, et al. (1936). 


10 This material was made available to the writer through the codperation of W. C. 
Phalen, Syracuse, New York, and of Carlton Bates, O. J. Hebert, and Leo Lassere, 
Baton Rouge, Louisiana. 
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of sodium chloride, dried at room temperature, and weighed. Gas was 
liberated during solution of many of the samples, and in one case 
(salt from Lake Hermitage salt dome) a 50-cc. sample was collected 
and has been analyzed." A portion of the brine from each sample was 
concentrated and tested for the presence of potash (sodium-cobalt- 
nitrate test, see Curtman, 1934, p. 334). Additional samples of the 
concentrated liquor have been set aside for detailed chemical analyses. 
Fossils have not been found in any of the residues. It is possible that 
the film of finely divided red particles, chiefly hematite, which col- 
lects on the surface of the water during solution of the more impure 
rock salt, might prove to contain algae if subjected to the type of 
analysis made by Tilden (1930). The weight percentages of water- 
insoluble residue for each sample are presented in Table IV. Duplicate 
specimens are on file in the museum of the School of Geology at 
Louisiana State University for those localities from which sufficient 
material could be secured. 

Examination of the residues proved them to consist almost en- 
tirely of microscopic grains of anhydrite, excepting in the case of the 
red “sandstone” inclusions, and of the residue from Choctaw. For 
this reason, and also because separation of the residues into light and 
heavy separates was not feasible, as virtually all minerals present 
are heavy minerals, the residues were examined under a binocular 
microscope for rarer minerals. These minerals were then identified 
under the petrographic microscope. The average mineral composition 
for each locality is given in Table V. Plates 1-5 are photomicrographs 
of some of the minerals. 

The samples of rock salt containing red ‘“‘sandstone’”’ inclusions 
were first treated in the same manner as the other samples, since the 
cementing material is chiefly NaCl, and possibly other soluble salts. 
The residue which was obtained was then treated with 1:1 HCl for 
30 minutes at a temperature just below 212°F. in order to remove the 
iron-oxide stain on the grains and to break down calcite- or dolomite- 
cemented aggregates. Following this, the sample was thoroughly 
washed and dried. Slides of light and heavy minerals were then pre- 
pared in accordance with the procedure outlined by Russell (1936). 
With the aid of a petrographic microscope equipped with mechanical 
stage, frequency percentages were determined for the 150- and 200- 
mesh for both light and heavy separates, and in addition, for the whole 
sample and 300-mesh in the case of the heavy separate and for the 
1oo-mesh of the light separate. These sizes of material were chosen 


1 The results of this analysis will be published in a later paper. 
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on the basis of their importance in the mechanical analysis of the sands 
(Table VI). The results of the petrographic analyses of these sands 
are presented in Table VII. 

Thin sections were prepared for specimens of banded rock salt, 
“black” salt from near the anhydrite-rock salt contact, and for the . 
red “sandstone” inclusions. These were also studied under the petro- 
graphic microscope, and the results are treated briefly under the 
discussion of sand inclusions. Photomicrographs of some of these 
slides appear in Plates 6-10. 


| OCCURRENCE OF ROCK SALT 


: The rock salt of the salt plugs studied is all of the same general 
i character. As revealed in the mines and to a lesser extent in well 
cores, it is massive and compact, and is of granular structure. The 
| individual grains or crystals are somewhat elongate and average }-} 
inch in length, rarely exceeding 2 inches. Some of the larger ones have 
curved faces many of which have a sheared or fibrous appearance. 
Rock cleavage is fairly well developed, generally along horizontal 
planes, although high-angle cleavage appears in some of the well 
cores. 

The pronounced, almost vertical, dark bands or “pencil stripes,” 
strikingly developed in the rock salt of the mines and in many of the 
well cores, is almost as marked a feature as the compactness. These 
bands have virtually the same attitude in all parts of several of the 
mines. At Avery Island they have an attitude of E.-W. 85° S. (appar- 
ent dip). The apparent dip of the bands is 85° throughout the mine at 
Weeks Island, but the strike varies from N. 45° W. to N. 20° E., and 
similarly the strike at Winnfield mine varies from 10° to 30° E. of N. 
with an apparent dip of 65°-70° S. These dark bands average from 
one to four inches in width, some attaining an 18-inch width. Light 
bluish gray, nearly colorless rock salt occurs between the darker salt 
in bands one to three times the width of the dark bands. Some of the 
dark bands are quite distinctive and can be traced from room to room 
in the mines. 

The bands appear to be part of a system of slightly tilted, very 
steep folds. Series of similar appearing bands that are separated by an 
interval of several feet at the floor of the mine converge to form crests 
of folds at the ceiling. This same structural condition is also indicated 
by the inclusions of red “sandstone” at Avery Island and Jefferson 
Island and the lenses of anhydrite sand at Weeks Island and Winn- 
field, as they have the same attitude as the dark bands. Intensive 
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overfolding and faulting, as well as plicating, are suggested by the 
distorted condition of some of the bands. 

Analyses of both the light and dark gray rock salt (Table IV), 
show that the dark bands contain an appreciably greater amount of 
water-insoluble residue (chiefly anhydrite grains). This fact was first 
pointed out by Bolton (1888) and undoubtedly explains the darker 
appearance of these bands. There is a suggestion of alignment of the 
larger, elongate anhydrite grains parallel with the banding in thin 
sections of rock salt from the dark bands. This same tendency is shown 
by the anhydrite grains in the anhydrite lenses, and in addition, some 
of the larger grains are crushed, with the resulting cleavage fragments 
arranged in trains paralleling the bands. 

The salt in parts of the Winnfield and Weeks Island mines is less 
well compacted than the average. At Winnfield, a rather impure, 
loosely compacted type is referred to as “soft salt,” and the anhydrite 
grains contained in it range from medium- to coarse-sand size. There 
is also a “hard salt” at Winnfield that on the average contains much 
less water-insoluble residue than the “soft salt.”” The anhydrite grains 
in this “hard salt” are of fine-sand size and they are concentrated in 
lenses, composed almost entirely of these grains, that break out of the 
enclosing rock salt as tough, smooth-surfaced “‘slabs” of a fraction of 
an inch to several inches in thickness. Some of these “slabs” or lenses 
are extensive and are parallel with the general banding in the rock 
salt. These “slabs” are also banded within themselves, due either to 
very thin veins of rock salt or to concentrations of iron-bearing min- 
erals. Shear zones are developed where the “soft salt” is in contact 
with the “hard salt,” and some recrystallization has taken place along 
these zones. 

Liquid and gas inclusions are present in the rock salt of all the 
mines. Brine from a “‘wet spot” at Jefferson Island has been analyzed 
(Table VIII) and its composition indicates that it is “mother liquor.” 
A zone of “hard salt” containing considerable “‘slab” anhydrite, en- 
countered at the northwest, north, and northeast limits of the Winn- 
field mine, seeps brine and gas in appreciable quantities. The brine 
and gas seep upward, apparently moving parallel with the banding. 
The brine contains the ferrous ion, suggesting that it is also ‘‘mother 
liquor’’; the gas is thought to be chiefly carbon dioxide, with some 
inert gas present. A well drilled about 600 feet below the level of 
the mine at Winnfield encountered similar brine and gas under a 
pressure of 225 pounds per square inch. A gas blowout occurred in the 
ceiling of one room at Winnfield, and was of sufficient force to form 
a cavity of considerable size. “Hard salt” from this mine, and similar 
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appearing salt from other salt plugs, contains gas which is under 
sufficient pressure to cause “popping” when the salt is dissolved. The 
odor of hydrogen-sulphide gas is discernible in freshly mined salt 
from one of the dark bands at Avery Island. Pockets of oil-stained salt 
occur in the Avery Island and Jefferson Island mines. A light amber- 
colored oil, accompanied by methane gas, seeped from these pockets 
when they were first uncovered. When this oil-stained salt is dissolved, 
the oil, which occurs as small drops in the halite crystals, accumulates 
as a film on the surface of the water. 

The distribution of the water-insoluble residue in different parts 
of the same salt plug, as well as in the various salt plugs, is charac- 
terized by considerable irregularity. Hanna (1934) notes that the rock 
salt of the periphery, as well as that of the upper part of the salt plug, 
seems to contain more residue than the interior parts of the salt plug 
in some instances, and less in others. This is borne out by the analyses 
in Table IV. Drillers report that at Jefferson Island and Lake Wash- 
ington the top of the salt plug is separated from the cap rock by a 
cavity of a foot or two and that the first salt is of a “mushy” type, 
containing a considerable amount of anhydrite sand. Cores of this 
material were not available, but samples of anhydritic “black salt” 
representing the first cores which could be taken from several wells 
at Jefferson Island, are of banded light and dark gray salt very like 
that from the mine. 

An estimate of the average amount of insoluble residue present 
in the rock salt of any one salt plug, or in Gulf Coast salt plugs in 
general, is difficult to make because of this irregularity in distribution. 
It can be stated definitely, however, that there is considerably more 
than the generally accepted figure of 1-2 per cent. This is evident from 
a study of the data presented in Table IV for the better sampled 
localities. The figure of 1-2 per cent should also be considerably in- 
creased for the salt mines, as selective mining is practiced in all of 
them, and, in addition, the mined salt is subjected to hand picking or 
screening in order to remove the visibly impure salt. This last 
factor increases the total amount of residue from one to several per 
cent. Based on such data as are available, therefore, it appears that 
the figure which has been given for the German salt plugs, 5 per cent, 
is certainly not too high for the rock salt of the Gulf Coast, and that 
probably the figure suggested by Hanna (1934), 5-10 per cent, is a 
reasonable approximation. 

Residues of rock salt from bedded deposits —The Permian rock salt 
of Kansas” is more coarsely crystalline than that of the Gulf Coast. 


_ @ The samples studied are from a Hutchinson, Kansas, mine, and a Lyons, Kansas, 
mine. 
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TABLE IV 
WEIGHT-PERCENTAGE OF WATER-INSOLUBLE RESIDUE IN SALT PLuGs STUDIED 


Weight 
Description of Rock Salt Sample 
Residue 
I Stanolind Oil—Patin No. 1, 4,601-4,603 feet; bluish 

‘e 2 Stanolind Oil—Patin No. 1, 4,641-4,643 feet; gray, 

=f Avery I E. part of mine; light and dark gray banded........ 3-3 
Island 2 N.E. part of mine; light and dark gray banded...... 4-7 
al 3 S.E. part of mine; light and dark gray banded, chiefly 
ne 4 E. part of mine; light gray band with H2S odor...... 2.7 
5 S.S.E. part of mine; light and dark gray banded..... 3:8 

4 | Bayou I Standard Oil—Wilberts and Son No. 6, 2,807-2,825 feet 

af Choctaw I Solvay Process—No. 1, 657-1,064 feet; composite 

m 2 Solvay Process—No. 1, 1,065-1,448 feet; composite 
F 3 Standard Oil—Wilbert’s Myrtle Grove No. 1, 2,566— 

Darrow I Humble O. & R—Community No. 5, 5,448-5,456 feet; 
ss 2 Humble O. & R.—Community No. 9, 5,633-5,638 feet; 

2.0 
ont 3 Humble O. & R.—Community No. 9, 5,674-5,684 feet; 
bs 4 Humble O. & R.—Community No. 13, 5,672-5,682 

5 Rio Bravo Oil—Gumbel No. 1, 6,035-6,041 feet; gray, 
fe E.Hack- | 1 | Stanolind Oil—Gulf Farm No. 21B, 6,948-6,96s feet; 
> 2 Gulf Production—Erwin “A” No. 22, 6,201-6,206 feet; 
3 Gulf Production—Erwin “A’”’ No. 23, 5,500-5,505 feet; 
gray, granular (methane gas).................... 6.4 

J Garden Id. I Texas Co.—State No. 7, 2,107-2,117 feet; smalf color- 

Jefferson I S.W. part of mine; yellow, oil-stained, flecked with gray| 1.2 
: Id. 2 N.W. part of mine; bluish gray, nearly transparent, 

a 3 E. part of mine; bluish gray, compact............... 1.9 
: is 4 S.E. part of mine; brown, granular, loosely compacted. . 1.8 
a 5 N.E. part of mine; gray, flecked with dark gray........ 2.3 
a, 6 Jefferson L. Oil—State No. 151; bluish gray; granular, 

im? 7 Jefferson L. Oil—State No. 230, 888-898 feet; dark 
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TABLE IV—Continued 


Weight 
Description of Rock Salt Sample 
Residue 
= 8 — L. Oil—State No. 238, 867-874 feet; dark 
9 pe on dh L. Oil—State No. 264, 903-913 feet; dark 
10 gg tee L. Oil—State No. 272, 820-824 feet; dark 
II No. 296, 884-890 feet; dark gray) 12.5 
Jennings I Superior Oil—Rhodes No. 1, 3,908-3,916 feet; gray, 
L. Hermit- I Humble O. & R.—State No. 1, 4,013 feet; light gray, 
2 Humble O. & R.—State No. 1, 4,013-4,276 feet; gray, 
with knots of anhydritesand..................... 6.2 
3 Humble O. & R.—State No. 1, 4,276-4,283 feet; gray, 
with stringers of anhydrite. 4.0 
L. Wash- I Freeport Sulphur—Cockrell & Moran No. 7, 1,588- 
ington 1,589 feet; light gray, granular................... 1.0 
2 Freeport Sulphur—Cockrell & Moran No. 59, 1,580- 
1,714 feet; light gray, granular................... 3.6 
3 Freeport Sulphur—Cockrell & Moran No. 61, 1,630- 
’ 1,680 feet; gray, granular, compact............... 4.1 
4 Freeport Sulphur—State No. 1,035, 1,650 feet; bands of 
5 Freeport Sulphur—Misc.; gray, with patches of anhy- 
6 Humble O. & R.—State No. 2, 1,807-1,830 feet; light 
gray, granular, loosely compacted................. 2.2 
7 Humble O. & R.—Cockrell & Moran No. 23, 4,780- 
4,783 feet; light gray, granular................... 3-0 
8 Humble O. & R.—Cockrell & Moran No. 23, 4,789- 
9 Humble O. & R.—Cockrell & Moran No. 23, 4,809- 
4,834 feet; gray, anhydrite sand incl.............. 7.8 
10 Humble O. & R.—Cockrell & Moran No. 23, 4,860- 
4,867 feet; gray, granular,compact................ 5-0 
Il Humble O. & R.—Cockrell & Moran No. 23, 4,8907— 
4,903 feet; gray, with anhydrite sand.............. II.9 
12 Humbie O. & R.—Cockrell & Moran No. 23, 4,933- 
4,938 feet; light gray, granular................... 3-9 
13 Humble O. & R.—Cockrell & Moran No. 23, 5,048- 
5,053 feet; light gray, granular................... 3-0 
14 Humble O. & R.—Cockrell & Moran No. 23, 5,213- 
Sikes I Ohio Oil—Rollin No. 1, 4,145 feet; gray, with vertical 
7.2 
Sulphur I Union Sulphur—miscellaneous; light gray, compact, 
4.0 
Venice I Tidewater Oil—Manhattan Fruit No. 1; yellow, oil- 
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TABLE IV—Continued 


Weight 
Pi 
Description of Rock Salt Sample Cent 
Residue 
Weeks I N.E. part of mine; granular, bluish gray, flecked with 
2 N.E. corner of mine; nearly colorless, with gray flecks| 2.6 
3 Tailings; gray, “soft salt’? banded with anhydrite sand| 11.2 
4 N.W. part of mine; dark, brownish gray “hard salt’’ 
White I Shell Oil—Shingle No. 1, 5,041-5,056 feet; nearly 
2 Shell Oil—Shingle No. 2, 5,211—5,213 feet; gray, granu- 
2.5 


Winnfield I Mine sample; banded light and dark gray, granular 


2 From near shaft; gray “soft salt,’”’ with bands of coarse 
3 Mine sample; bluish gray, coarsely crystalline “hard 
4 Mine sample; dark gray, banded, “hard salt”......... .0 
5 “Slab” anhydrite from lens in “hard salt”........... 81.8 
6 Series of 25 samples of salt as mined, ranging from 0.3 
2.5 
7 Series of 25 samples of salt as mined, ranging from o.1 
Hoskins, I Freeport Sulphur—Hoskins Mound No. 365, 2,069 feet, 
Tex. bluish gray, granular, compact................... 4.2 
Lamar, I Sun Oil—Scanlon & Semmes No. 1, 2.524-2,543 feet; 
Miss. gray, vertical bands of anhydrite sand............. 19.5 
2 Sun Oil—Scanlon & Semmes No. 1, 2,524-2,543 feet; 
3 Sun Oil—Scanlon & Semmes No. 1, 2,564-2,583 feet; 
gray, with bands of anhydritesand................ 25.0 
4 Sun Oil—Scanlon & Semmes No. 1, 2,564-2,583 feet; 
bluish gray, faintly banded..................... 0.5 


The banding is of two types. That in the main part of the deposit is 
of the same type as that in the Gulf Coast, with the attitude horizon- 
tal. A composite sample of this type, including both light and dark 
bands, contained 5.7 per cent of insoluble residue, which consisted 
entirely of anhydrite grains. The second type of banding occurs near 
the base of the salt beds and is formed by inclusions of clay, with 
large crystals of halite developed across the bands. Negative crystals 
containing brine and gas characterize this second type. Rogers (1910) 
has reported the following minerals associated with rock salt from 
dump piles of two Kansas salt mines: anhydrite, gypsum, dolomite, 
quartz, celestite, and pyrite. 

The salt occurring in association with the potash salts mined in 
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New Mexico™ contains inclusions of carbonates, quartz, anhydrite, 
hematite (minute flakes), and clay (submicroscopic particles), in the 
order of their abundance. Samples of this salt, from near the zone of 
the potash salts, contain 1-2 per cent of residue. It is also a coarsely 
crystalline, massive rock salt. Schaller and Henderson (1932) state that 
anhydrite is generally second in abundance to halite, and clays are 
third. They report, in addition to the minerals previously mentioned, 
celestite, magnesite, pyrite, and opal. Inflammable gas and a gas high 
in nitrogen have been encountered during mining operations. 

Rock salt of Silurian age from Detroit, Michigan, is very coarsely 
crystalline and the banding which is present is of the same type as that 
in the basal part of the Kansas beds. It contains inclusions of gas, 
liquid, massive dolomite, clay, carbonaceous matter, quartz crystals, 
and a sulphate. The sulphate occurs in minute flakes giving an optic 
normal interference figure. Its properties check those of anhydrite, 
except for refractive indices, which are slightly lower. It may be 
partially hydrated CaSO,. 


MINERALS OF GULF COAST ROCK SALT 


The results of the studies of the water-insoluble residues, other 
than the red “sandstone” inclusions, are summarized in Tables IV and 
V. The minerals of the residues are characteristic and for this reason 
will be described briefly. Those of the red “‘sandstone” inclusions, for 
which data are presented in Tables VI and VII, are typical detrital 
minerals, and the reader is referred to Milner (1929) for descriptions 
of them. 

The soluble material of the rock salt is chiefly halite. The proper- 
ties of this mineral are well known and need not be reviewed here. 
Potash salts are known to be present only through chemical tests. 
Upon evaporation of a Choctaw brine that gave a definite potash re- 
action, minute, opaque crystals having a refractive index sufficiently 
low to be sylvite, were formed within halite crystals. Some of the red, 
opaque cementing material in the inclusions of red sand may be a 
potash clay, as the brine resulting from solution of these inclusions 
gave a strong positive reaction for potassium. 

Anhydrite (CaSO,).—Ninety-nine per cent of most of the residues 
consists of nearly colorless, microscopic grains of anhydrite, resulting 
in the typical gray or bluish gray color of the residues. The anhydrite 
occurs as cleavage fragments and as subhedral to euhedral crystals, 
varying in size from microscopic up to as much as 14.0 mm. in great- 


13 Salt specimens from the potash mines near Carlsbad, New Mexico, and from 
wells drilled in West Texas, were studied. 
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est dimension; the average is a fine- to medium-sand size (}-} mm.). 
The anhydrite grains, as a rule, are quite clear and colorless, although 
here and there they contain inclusions. These inclusions consist of 
smaller anhydrite grains, grains of quartz, pyrite, dolomite, sulphur, 
gas and liquid, and carbonaceous matter. A few of the samples are 
made up of grains carrying sufficient carbonaceous matter to make 
the residue dark gray. Certain of the samples contain worn, frosted 
and serrated grains which appear to have been subjected to solution. 
The grains from rock salt containing considerable residue (15 per cent 
or more), or with knots or bands of included material, appear to be 
composed of a high percentage of microscopic cleavage fragments, 
some of which form loosely cemented aggregates as much as a centi- 
meter in diameter. Solution seems to have had greater effect on grains 
from the more impure rock salt than it has on those from the purer 
samples. 

The greater part of the grains in a majority of the samples occur 
as somewhat irregular cleavage fragments, tabular parallel to the 001 
cleavage, with the 010 sometimes favored and 100 subordinate. The 
crystals which are present commonly occur as the short “stem- 
shaped,” orthorhombic forms described by Reidimeister (1912), which 
are elongate parallel to a or b and striated parallel to a due to the 
partial development of brachydomes and side pinacoids. A few of the 
crystals show partial development of macrodomes. 

The other properties of the anhydrite are those listed for the pure 
mineral by Winchell (1933). Plate 1 illustrates typical anhydrite 
grains. 

Carbonates.—The carbonates of calcium, magnesium, and iron are 
common in nearly all of the residues and constitute as much as 10 per 
cent in one case (a residue from Choctaw). They occur as perfect 
crystals, generally rhombohedrons, of varying chemical composition. 
The following species have been separated on the basis of refractive 
indices: dolomite (as the subspecies magnesiodolomite and ankerite), 
calcite, and magnesite. Typical carbonate crystals are illustrated in 
Plate 2. 

Dolomite (Ca, Mg [COs3]2).—The subspecies of dolomite are the most 
important of the carbonates, and occur in relative abundance in most 
of the samples. Both the magnesiodolomite and the ankerite occur 
typically as transparent to translucent, simple or twinned, rhombo- 
hedral crystals, with uncurved faces, varying in size from o.1 mm. to 
1.0 mm. Occasionally, the base 0001, the positive rhombohedron 
0111, and negative rhombohedron 0112, are present on a single crystal, 
and in the case of three of the residues from Choctaw, modify the 
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PLATE 1.—Fics. 1 and 2. Stem-shaped anhydrite crystals from Sulphur residue lying on 1oo (Fig 1.) and 
O10 Or oor. X44. 

Fic. 3. Cleavage fragments of anhydrite from East Hackberry residue. X 35. 

Fic. 4. Anhydrite grains with inclusions of carbonaceous matter, from Jefferson Island residue. X 30. 
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PLATE 2:—Fic. 1. Dolomite rhombs from Choctaw residue showing nuclei and development of positive 
and negative rhombohedrons. X 31.5. 
Fics. 2 and 3. Magnesite crystals from Choctaw residue. X38. 
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crystals to such an extent as to give them a hexagonal outline. The 
great perfection in development of the dolomite crystals is a striking 
feature of most of the residues. Cleavage fragments and irregular 
grains are present, but they are much less common than the crystals. 
When transparent, or nearly so, the crystals show a definite nucleus 
of finely divided, white, opaque substance. Some inclusions of an- 
hydrite and pyrite crystals and of carbonaceous matter are present. 
Both the magnesiodolomite and the ankerite crystals are slowly solu- 
ble in cold, 1:1 HCl, leaving the finely divided, white substance of 
the nucleus as a residue. 

The ankerite differs from the magnesiodolomite in containing a 
higher percentage of iron, in being yellow to orange instead of white, 
and in having higher refractive indices. w for the ankerite ranges from 
1.72 to 1.74, and e ranges from 1.52 to 1.54. The indices of the magne- 
siodolomite are less variable, w equaling 1.68+.005 and ¢ equaling 
1.50+.005. Other properties of the dolomite subspecies are essentially 
the same as those given by Winchell (1933). 

Calcite (CaCO;).—All of the residues contain some calcite, but this 
mineral is much less common than dolomite. It occurs in a variety 
of crystal forms, as cleavage fragments, and as irregular grains. The 
rhombohedral crystal habit is the most favored, but the shape is 
more elongate than in the case of dolomite and the crystals are not so 
perfectly developed. Well developed scalenohedral forms are sparingly 
present (Plate 4). The range in size of the calcite grains is the same as 
that for dolomite. The nucleus of finely divided, white substance that 
characterizes the dolomite crystals is generally absent in the calcite 
crystals. Some inclusions of black carbonaceous matter are present. 

Yellow- to brown-tinted crystals are common in a few of the resi- 
dues. The color is probably due to the presence of iron, although it is 
not present in sufficient amount to cause the refractive indices or 
other properties to vary appreciably with those listed for the pure 
mineral by Winchell (1933). 

Magnesite (MgCO;).—This mineral has been definitely identified 
from only one locality, that of the Choctaw salt dome, where it oc- 
curs in residues from two wells. Here it comprises as much as one or 
two per cent of some of the residues. It occurs as quite perfect, 
elongate hexagonal prisms modified by rhombohedrons, pyramids, 
and the basal pinacoid (Plate 2). The crystals are colorless, excepting 
an occasional one which is stained yellow, presumably by iron. Some 
of them contain included anhydrite grains. They vary in length from 
0.1 mm. to 3.0 mm. The crystals are insoluble in cold 1:1 HCl. The 
indices of refraction (with yellow monochromatic light) are w= 1.701 
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+.002, e’ (on cleavage) = 1.60+.005, and e=1.508+.003. The other 
properties are the same as those given by Lonsdale (1930) and Win- 
chell (1933). According to Lonsdale (1930), magnesite crystals are 
quite rare, occurring in only four other localities in the United States. 
Schaller and Henderson (1932) report that very minute crystals are 
common in Permian salt of West Texas and New Mexico. 

Pyrite (and marcasite) (FeS2).—Crystals of pyrite, although not 
common, are found in nearly all of the residues. They are present in 
greatest number in residues of the more impure rock salt. They occur 
as good crystals in a wide variety of forms, as irregular grains, as in- 
clusions in anhydrite, dolomite, and quartz crystals, or encrusting 
grains of other minerals. The grains vary in size from 0.05 mm. to 2.0 
mm. Many of the crystals have tarnished surfaces, and some of them 
appear to be altering to limonite. Here and there crystal faces show 
pronounced etching and pitting. Some of the deep yellow crystals 
have been subjected to microchemical tests for copper, but the 
element could not be detected. 

A few cockscomb aggregates of marcasite occur in two of the 
residues. 

Quartz (SiO2).—Like pyrite, quartz occurs in all the residues of 
appreciable size, although it is more rare. It is present as well de- 
veloped hexagonal prisms terminated by rhombohedrons; these 
crystals are in many places grouped in the form of rosettes. The 
crystals and rosettes range in size from 0.1 mm. to about 2.0 mm. In- 
clusions of anhydrite cleavage fragments and of gray to black car- 
bonaceous matter are present in some of the crystals. The quartz 
crystals are in places intergrown with or included in other minerals 
of the residue. The rosettes commonly have a nucleus of finely di- 
vided, white substance, similar to that in the dolomite crystals. 
Typical crystals and rosettes are illustrated in Plate 3. 

Limonite (Fe2.0;NH2O).—Minute nonmagnetic crystals, appar- 
ently of isometric habit, few of them larger than o.1 mm. in diameter, 
are present in virtually all of the residues. The crystals are grayish 
brown to brownish black and yield a powder of brownish yellow color 
when crushed. They are of dull to submetallic luster by reflected light 
and opaque under transmitted light. A few crystaJs are present which 
are much as 1.0 mm. in diameter. Microchemical tests have shown that 
they are only with difficulty decomposed by aqua regia and that they 
contain iron. On the strength of these tests and because of their 
other properties, they have been identified as limonite. Apparentiy 
these crystals are pseudomorphs after pyrite, for they occur as modi- 
fied cubes, most of which have pitted or irregular faces. Some crystal 
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q : PLATE 3.—Fics. 1 and 2. Barite crystals from Winnfield residue. X 48.5 and 33.5. 
aD" Fic. 3. Celestite crystals from Lake Washington residue. X 44. 

Fic. 4. Celestite crystal from Sulphur residue. X61. 

Fic. 5. Quartz crystals and rosettes from Choctaw residue. X37. 
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PLATE 4.—Fic. 1. Boracite crystals from Choctaw residue. X35. 

Fic. 2. Dolomite rhombs from Weeks Island residue, X 25. 

Fic. 3. Calcite scalenohedrons from Avery Island residue. X 25. 

Fic. 4. Five hauerite crystals and one limonite crystal (L) ,from Avery Island residue. X 58. 
Fic. 5. Limonite from Avery Island residue. X 36. 

Fic. 6. Hauerite crystal from Avery Island residue. X 35. 
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faces show a distinct iridescence, and a trace of manganese was de- 
tected in microchemical tests of one crystal. In places anhydrite and 
limonite are intergrown, and limonite crystals form the center of 
aggregates of small, iron-stained anhydrite grains. Some of the com- 
moner forms of limonite are illustrated in Plate 4. 

Hematite (Fe.03).—Red or reddish brown hexagonal flakes of this 
mineral, microscopic in size, in places collect as a thin film on the 
water in which the salt is dissolved. 

Hawuerite (MnS2).—Octahedral, or flat, pseudohexagonal, reddish 
brown to brownish black crystals which occur sparingly in several of 
the residues have been identified as the manganese sulphide, hauerite, 
by means of microchemical tests (Short, 1931; Curtman, 1934). This 
mineral also is present as a cementing material between anhydrite 
grains, and as irregular grains. The hauerite grains range in size from 
submicroscopic up to those o.5 mm. in greatest dimension. Typical 
forms are illustrated in Plate 4. 

Sul phur.—tirregular, transparent, yellow to greenish yellow grains 
of this mineral occur sparingly in several of the residues. A few of the 
grains have partially developed crystal faces but most of them are 
quite irregular in shape. Their distribution is rather sporadic, as they 
may be found in the rock salt from only one part of a particular 
salt plug. 

Celestite (SrSO,).—The rock salt from four localities contains well 
developed crystals of this mineral. The crystals from three of these 
localities are thin, basal tablets, elongate parallel to a, with ortho- 
domes and brachydomes as a rule well developed. Those from a fourth 
locality, Sulphur salt dome, are larger, with diameters up to 3.0 mm., 
and are subspherical in shape, due to a combination of prisms, pina- 
coids, and possibly pyramids. These crystals are not so well formed 
as those of the other residues and are filled with inclusions of anhy- 
drite, sulphur, and other minerals of the residue. Here and there 
cleavage fragments are present which show very good 001 and dis- 
tinct 110 cleavage. The indices for specimens from all of-the occur- 
rences check closely with those given by Winchell (1933). The pres- 
ence of the element strontium in this mineral was proved by the flame 
test (Curtman, 1934). Crystals of both types are illustrated in Plate 3. 

Barite (BaSO,).—This mineral is relatively common in the rock 
salt from Winnfield, and a few grains were found in that from Jeffer- 
son Island. It occurs as crystals of rectangular outline, with a length 
of as much as 2 mm. on a side, which are tabular parallel with 001, and 
are modified by domes. The crystals are colorless, transparent to 
translucent, and contain inclusions of anhydrite grains. The refractive 
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indices and other properties are those for the pure mineral (Winchell, 
1933). Typical crystals are shown in Plate 3. 

Kaolinite——Colorless, very thin, flexible, hexagonal plates, some 
of which are interpenetrating, occur sparingly in a few of the residues 
from Jefferson Island and Avery Island. They are all very small, 
less than o.1 mm. in greatest dimension. They have been referred to 
kaolinite on the basis of physical and optical properties (Winchell, 
1933; Larsen and Berman, 1934). 

Gypsum (CaSO,:2H20).—Specimens of this mineral have been 
found only in a residue from Choctaw and one from Winnfield. Two 
specimens were found in the Choctaw occurrence in which sandstone 
and shale are present. One is a cleavage fragment of selenite about 2 
cm. long with gray shale adhering to it, and the other, of microscopic 
size, is fibrous gypsum adhering to gray shale. These specimens had 
been exposed to weathering several months and it is possible that they 
are alteration products. Well developed, fresh crystals occur in the 
residue obtained from Winnfield “slab” anhydrite. However, this 
residue had been allowed to stand in water for about two weeks be- 
cause of the compactness of the anhydrite sand, and a sample from 
the same slab which was allowed to remain in water only a short time 
did not contain gypsum. Analysis of the brine from this second sample 
showed the presence of nearly one per cent of soluble sulphate. It is 
quite possible, therefore, that the gypsum in the first sample crystal- 
lized from solution in the laboratory. 

In addition to the foregoing minerals which are known to occur 
in more than one locality and for which occurrences are listed in 
Table V, a few others have been found which are confined to one 
locality, Choctaw. 

Danburite (CaBz [SiO4]2)—The presence of this rare calcium boro- 
silicate, as perfect microcrystals, is one of the striking characteristics 
of the residue from the rock salt of the Choctaw salt plug. It occurs 
as colorless prisms as much as 3.0 mm. in length, in two of the residues, 
being fairly common in one of them. The refractive indices and other 
properties are the same as those given by Winchell (1933). Photo- 
micrographs of typical crystals are presented in Plate 5s. 

Hilgardite—This is a new hydrous calcium borosilicate with 
chlorine.& 

Boracite (Mg; Clz Big O30).—Pseudocubic crystals of boracite, with 


4 C. S. Hurlbut, Jr., Harvard University, very kindly checked the optical and 
physical properties of this mineral. 


_ * Complete data for this mineral are presented in an article, “Hilgardite, a New 
Mineral Species from Choctaw Salt Dome, Louisiana,’’ by Cornelius S. Hurlbut, Jr.,and 
Ralph E. Taylor, to be published in the American Mineralogist for October, 1937. 
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PLATE 5.—Fics. 1, 3, and 4. Crystals of danburite from Choctaw residue. X 38. 
Fic. 2. Hilgardite grains lying on good cleavage; from Choctaw residue. X38. 
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' Prate 6.—Thin section of salt from dark band in Avery Island mine, showing A anhydrite grains ,B 
capillary tubes in halite, C a dolomite rhomb, and D halite cleavage. X60. 
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internal radial structure, and varying from o.1 to o.5 mm. in diameter, 
occur sparingly in the Choctaw residue in which danburite is most 
common. The identity of this mineral has been established through 
the generous assistance of C. S. Hurlbut, Jr.° The physical and op- 
tical properties of the boracite are essentially the same as those given 
for the occurrence in the Zechstein salt of Germany (Winchell, 1933). 
Crystals are shown in the photomicrographs of Plate 4. 

A microscopic, tabular, bluish green crystal was found in one of 
the residues from Jefferson Island, but its identity has not been 
established. 

ANALYSES OF SAND INCLUSIONS 


The composition of the so-called red sandstone inclusion at Avery 
Island has been described in some detail by Rogers ({1918]; this de- 
scription was reprinted by Heald [1924]). Samples of this inclusion 
and of the one from Jefferson Island were subjected to detailed me- 
chanical and petrographic analysis (Tables VI and VII). In addition, 


TABLE VI 
MECHANICAL ANALYSES OF SAND INCLUSIONS 


: Avery Island Jefferson Island 
Lecallty Sand Inclusion Sand Inclusion 
Weight of inclusion before solution 496.5 grams 555-0 grams 
Weight of sand 273.3 grams 324.5 grams 
Per cent of sand in salt 55-0 per cent 58.5 per cent 
Weight per cent lost in 1:1 HCl digest 4-7 per cent 3.2 per cent 
Sieve Analysis 
Retained 20 3-0 3-6 
Retained 28 1.4 1.4 
Retained 35 6.1 3.3 
Retained 48 15.2 19.5 
Retained 65 17.5 16.4 
Retained 100 21.0 21.2 
Retained 150 13-5 13.1 
Retained 200 7.6 7.3 
Retained 300 2.8 
300 13.5 
Total 100.0 per cent 100.0 per cent 


several thin sections were prepared from specimens of each of these. 
A sample which is similar in appearance to these was obtained from 
the New Iberia salt dome.’ It was too small to permit a complete 
analysis, but light and heavy separates of the whole sample were 


16 Letter of March 29, 1937. 


17 This sample was furnished by Allen Bernard, a student in the School of Geology, 
Louisiana State University. The only information which could be obtained about it is 
that it came from a Texas Company well, from within the salt plug. 
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subjected to a qualitative petrographic examination. The gray sand 
occurring in the rock salt from the Jefferson Lake Oil Company’s well 
245 was not subjected to detailed petrographic analysis because it is 
flooded with anhydrite grains; however, portions of the light and 
heavy separates of the fine-sand size material were examined qualita- 
tively. Thin sections were prepared for a few of the sandstone pebbles 
from Choctaw. 

The sands from Avery Island and Jefferson Island are very much 
alike, both mineralogically and physically. They are both essentially 
poorly sorted sands cemented by rock salt and contain small dolomite- 
cemented areas. The larger grains are well rounded, the average for 
the sands being from subangular to subrounded. The light separates 
of each are made up almost wholly of quartz grains, characterized by 
tourmaline and rutile inclusions, and the heavy separates are com- 
posed of an assemblage of resistant minerals. Brine collected during 
solution of these inclusions gives a strongly positive potash test. The 
red color of the inclusions from the mines at Avery Island and Jeffer- 
son Island is due to the coating of iron-oxide stain on the quartz 
grains, and to the hematite flakes. 

Brine from solution of the New Iberia inclusion also gives a posi- 
tive test for potash, but that from well 245, Jefferson Island salt dome, 
gave a negative reaction. However, the sand from well 245 seems to 
resemble the Avery Island and Jefferson Island red sands more 
closely in mineral composition than does the New Iberia sand. Aside 
from the absence of hematite and the flooding of anhydrite grains, 
the well 245 sample is the same as these other sands. The New Iberia 
red sand differs from the others in having a higher percentage of feld- 
spars and an appreciable amount of volcanic glass in the light sepa- 
rate, and having a less varied assemblage of tourmalines in the heavy 
separate. 

The sandstone pebbles from Choctaw salt dome are light gray, 
loosely compacted, argillaceous sandstone. A few of the pebbles are 
stained by iron oxide, and some of the smaller ones have siliceous 
cementing material. Quartz is the chief constituent and it occurs as 
poorly sorted grains from silt size to coarse sand size. The larger 
quartz grains are fairly well rounded. The clay in the argillaceous 
sandstone is altering to sericite. Heavy minerals are rare and are 
chiefly zircon, tourmaline, and leucoxene. Gray to black siltstone and 
shale pebbles are also present in the Choctaw residue. Crystals of 
calcite, dolomite, pyrite, and anhydrite occur as small veins and vugs 
in some of the pebbles, or as encrustations. From what is known of the 
sandstone inclusions at the salt mines, there seems little doubt that 
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these pebbles were derived from beds or lenses of detrital materials 
that were broken up during the production of brine. 

Rogers (1918) reported the inclusion from Avery Island as being 
a siliceous-cemented sandstone, and thought of it as having been 
“plucked” or picked up from adjacent strata during intrusion of the 
rock salt. However, the inclusions studied by the writer have rock 
salt or salt clay as the cementing material, excepting in the case of 
certain of those from Choctaw. This suggests that most of these in- 
clusions could have been lenses in the original bedded salt deposits. 
The presence of varying amounts of detrital quartz grains widely 
disseminated through the rock salt of many of the salt plugs, is evi- 
dence in favor of this explanation. 

Sufficient evidence is not available to warrant definite conclusions 
regarding correlation of the sand inclusions with other Gulf Coast 
sediments. The red color of some of the sand inclusions is distinctive, 
as no sands of similar appearance are known from the Gulf Coast 
Tertiary. The absence of aluminium silicates, staurolite in particular, 
and possibly of garnet, is another possible diagnostic feature of these 
sands by which they can be differentiated from the few Gulf Coast 
sands which have been studied petrographically. It is possible that 
after further petrographic studies of Gulf Coast sediments and of 
sand inclusions have been carried out, a correlation can be made. 


CHEMICAL COMPOSITION OF GULF COAST ROCK SALT 


The analyses presented in Table VIII give only a very general 
idea of the chemical composition of the rock salt. They afford suffi- 
cient information, however, to show that chemically this rock salt is 
very like that of other regions. The analyses of Avery Island salt, 
and the analysis of salt from a “‘wet spot” at Jefferson Island, indicate 
the presence of soluble CaSO,, as well as of the relatively insoluble 
anhydrite. In every instance where the brines which result from the 
solution of salt specimens were analyzed they were found to contain 
CaSO, in solution, and where quantitative analyses were made, more 
was found to be present than is soluble in pure H.0. It seems quite 
probable that some of the anhydrite was taken into solution when the 
salt specimens were being dissolved. The apparent solution of anhy- 
drite and the precipitation of gypsum in a sample of “‘slab” anhy- 
drite from Winnfield has been noted under the discussion of gypsum. 

The “soft” salt from Winnfield which contains barite was also 
found to contain the element barium. Strontium was not detected in 
any of the samples, including those in which celestite occurs. 

The presence of appreciable amounts of iron in the natural brines 
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PLaTE 7.—Thin section of rock salt from Weeks Island mine (sample 4, Table IV), showing crushed 


condition of anhydrite grains and large dolomite rhomb. X 70. 
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PLATE 8.—Thin section of red sand inclusion from Avery Island mine. X60. 
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PLaTE 9.—Thin section of sand inclusion from Jefferson Island mine; areas marked A are calcite or 
dolomite cemented. X 20. 
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PLATE 10.—F ic. 1. Thin section of sand inclusion from Jefferson Island mine showing calcite or dolo- 
mite cemented area. X 25. 

Fic. 2. Thin section of sand inclusion from Weeks Island mine. X 38. 

Fic. 3. Thin section of sand inclusion from Jefferson Island mine showing contact with halite containing 
anhydrite crystals (A). X16. 

Fic. 4. Thin section of sand inclusion from Jefferson Island mine. X 16. 
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that occur in the mines at Winnfield and Jefferson Island has already 
been referred to. Segura'* reports as follows on brine from a wet spot 
at Jefferson Island (see Table VIII for an analysis of the salt). 
Inasmuch as semi-quantitative analysis of liquid drawn from this spot showed 
the main impurities to be Calcium Chloride, Magnesium Chloride, Iron and 
heavy traces of Calcium Sulphate, we are led to believe that the liquid is the 
“mother liquor” from which the salt was crystallized. This is more or less 
confirmed by the difference in their respective crystallization values. 


SUMMARY AND CONCLUSIONS 


Although data are available from only about 30 of a total of 134 
localities, it is evident that the rock salt of the Gulf Coast salt plugs 
is fully as complex in character as that of other regions. The salt 
plugs contain a complex assemblage of water-insoluble minerals and 
rock inclusions, soluble salts other than halite, gases of different 
composition, and oil. An average for the total amount of water in- 
solubles present in the rock salt from Gulf Coast salt plugs is diffi- 
cult to give because of the great variability of different deposits. 
Hanna’s figure of 5-10 per cent (1934) does not seem too high when 
all of the contributing factors are taken into consideration, and this 
figure is similar to those given by Bretniitz, Lachmann, and others 
for the German salt plugs. 

Comparisons indicate that the mineral assemblage of water-in- 
soluble residues of the Gulf Coast rock salt is different from that of 
the Silurian and Permian deposits of North America. The striking 
similarity of all the Gulf Coast residues suggests that further com- 
parisons might afford clues to the age of the salt. Data on the residue 
in the rock salt of Lower Cretaceous age at the Chittim locality, 
Maverick County, Texas, are particularly desirable. Although it 
might not be possible to establish a definite correlation on this basis, 
no line of evidence which might aid in the solution of this difficult 
problem should be overlooked. 

The dominant feature of the water-insoluble residues is the high 
percentage of anhydrite grains. In addition to anhydrite, perfect 
rhombohedral crystals of dolomite containing distinctive nuclei, crys- 
tals, and nuclei-bearing rosettes of quartz, and pyrite crystals, typify 
the water-insoluble residues of the rock salt of the Gulf Coast salt 
plugs. All of the residues appear to contain these minerals, and some 
have in addition distinctive minerals which set them apart from the 
others. The sands of the inclusions differ sufficiently from sands of 
the Gulf Coast Tertiary to permit them to be classified as distinctive 


18 Personal communication from M. A. Segura, chemist. 
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It seems reasonable to conclude, therefore, that if this same as- 
semblage of water-insoluble minerals which characterizes the salt 
plugs occurs in the associated cap rock, definite evidence indicating 
the formation of cap rock through accumulation of water-insolubles 
in the salt will have been established. 
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BULLETIN OF THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
VOL. 21, NO. 10 (OCTOBER, 1937), PP. 1311-1332, 8 FIGS, 


USE OF MECHANICAL SAND ANALYSES FOR 
CORRELATION PURPOSES! 


I. I. GARDESCU? anp M. H. BILLINGS? 
Houston, Texas 


ABSTRACT 


In place of the usual methods of recording the data obtained by mechanical sand 
analyses and routine paleontological data, a new method is described which has been 
proved accurate, flexible, and adaptable to changing sedimentary conditions. 

Mechanical shaking was used to obtain the screen analyses rather than hand shak- 
ing, as it was faster and much more thorough. Early in the course of study, anomalies 
in distribution of cuts throughout the screen stack led to the conclusion that the 
screens were not correctly designed to yield accurate data. The screens used were ex- 
amined and from the fifteen screens available in the set, a suite of eight screens was 
used which avoided the objections raised by using the original set of screens. 

The data derived from the screen analyses plus paleontological information secured 
from examination of the samples were plotted on transparent, punched, index charts. 
With the use of these cards, correlations were made between two producing horizons 
on the flank of one of the Gulf Coast salt domes, which gave, in addition to the rela- 
tionship of the two sand zones, an accurate contour map of that section of the dome. 

More detailed study of the upper zone permitted the tracing of the individual 
members across its areal extent, which showed the detailed information of the deposi- 
tion cycle within the sand body. From this information, and supplemented by further 
data derived from the studies of the sediments on the same dome, the geological his- 
tory of the Lower Miocene was established. 


INTRODUCTION 

The use of mechanical analyses of sand samples in the study of 
geological problems has been discontinued. The reason, in part at 
least, has been that the method has not justified the time and detail 
necessary to make the analyses, in that the correlations resulting from 
the data obtained have not been conclusive enough, and may even 
lead to faulty interpretation. 

The paleontological analysis of well samples, limited to the de- 
termination of the first occurrence of characteristic species, is com- 
monly used in the Gulf Coast area. Very little use is made of the vast 
amount of information available with regard to the other foraminifera 
or the larger shells, their presence, absence, or relative abundance, 
because such analyses show great variations even within the same 
core, and are not conclusive or sensitive enough to be at all final and 
exact. 

Field observations show that within a limited area, under similar 
conditions of deposition, many of the sand and paleontological analy- 
ses of samples are very similar in character. The failure of the analyti- 


1 Manuscript received, May 24, 1937. 
2,Consulting petroleum engineer and geologist. Postoffice Box 1805. 
3 The Texas Company. 
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cal method of correlation of well samples must therefore be traced 
not to the lack of evidence but rather to the fact that the evidence, 
as used, is insufficient, and the samples as taken in two wells do not 
correspond exactly in position with regard to the correlating horizons. 

Several attempts were made to combine the data obtained from 
sand analyses with the complete paleontological record of the sample, 
showing all of the species, together with their relative abundance. 
In general, the tabulations made were clumsy, obscure, and rigid, with 
the result that out of a vast amount of information very few correla- 
tions could be made, the correlations being, therefore, negative and 
not conclusive. 

This paper is a summary of the results obtained by the use of an 
improved method of recording sand and paleontological analyses 
of samples by the use of transparent, punched, index charts. The 
results obtained have been found to be conclusive, and sufficiently 
accurate to allow detailed studies to be made, while, at the same time, 
the method presented great flexibility and adaptability to changing 
conditions in the problem. 

It is doubtful whether or not much of the material included in this 
paper would have been discovered without the use of this method. 


DESCRIPTION OF METHOD 
PREPARATION OF SAMPLE 

The samples used in this study were taken from well cores from a 
piercement type salt dome in southeastern Texas. The minimum 
weight of sample used for analysis was 2 grams; the maximum 
weight was 20 grams. In all cases, as large a sample as possible was 
used, the average weight being between 10 and 20 grams. 

The samples were digested in a flask with dilute hydrochloric acid 
until effervescence had ceased. This process served the dual purpose 
of removing carbonates (micro-paleontological determinations had 
been made before using the sample for screen analysis) and reducing 
the sample to discrete grains. The samples were then thoroughly 
washed to remove all traces of acid, decanted after allowing the sedi- 
ment to settle for 2 minutes to prevent loss of the finer grains, and 
carefully dried in an electric oven. 

DESCRIPTION OF SHAKER 

The shaker (Fig. 1) consists of a motor, a flywheel with an at- 
tached eccentric, and a vibrating board on which the stack of screens 
rests. 

The source of power was a 110-volt motor developing 1,750 
R.P.M. The power was transmitted to the flywheel by a circular belt. 
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The vibratory board is hinged at the end nearest to the motor, 
while at the opposite end it rests on an adjusting screw. A steel plate 
is fastened at the point of contact with the adjusting screw to prevent 
wear and to allow a more accurate adjustment to be made. 

The vibratory movement is transmitted from the flywheel to the 
vibratory board by means of an eccentrically located ball-bearing 
which meets a steel plate at the base of the vibratory board with a 
wipe contact. Very little wear is caused by this mechanism, which 
was found to be satisfactory in all respects. 

Immediately above the point of contact of the eccentric with the 
vibrating board the stack of screens was placed, resting in a depression 
on top of the vibrating board, and held in place by an elastic webbing 
going over the top of thestack of screens. 

Two springs hold the vibrating board against the adjusting screw 
with any desired amount of tension. The vibrating board is not in 
contact with the flywheel, and is lifted against the tension of the 
springs only upon the contact with the eccentric bearing. The amount 
of lift is less than 1/64 inch. 

Because of the frequency of impact (940 times per minute) the 
amplitude of movement of the sand particles within the screen stack 
must be small enough to permit the smallest grains to fall back on the 
screen between periods of upward movement if thorough screening 
action is to be obtained. 

Compared with hand shaking as done before the shaker was de- 
signed, mechanical shaking is much more satisfactory and reliable. 


SCREENING PROCESS 


The screen stack was vibrated for thirty minutes for each sample. 
It was found that after vibrating for five minutes most of the coarser 
material had been well separated, but microscopic examination of the 
finer cuts showed that some very fine silt still adhered to the grains 
ranging in size between 100- and 200-mesh. The pan at the base of the 
stack was examined at 5-minute intervals for 1 hour during the ex- 
perimental stages of the work and it was noted that after 25 minutes 
had elapsed less than 1 per cent of the total weight of the cut on the 
200-mesh screen came through during the remaining 35 minutes of 
shaking. 

Inasmuch as microscopic examination of the coarser grains showed 
no fresh fractures either before or after shaking, it is not likely that 
breakage of grains resulted from the long period of vibration and it is 
certain that a complete separation of the sample into various sized 
grades resulted from the process. 
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SCREEN DATA 


A stack of fifteen sieves 3 inches in diameter was purchased from 
a reliable manufacturer of laboratory equipment. The sieves were 
furnished with the wire specifications listed in columns 2 and 3 of 
Table II. 

The differences in size of the interwire openings of two consecutive 
screens as calculated from these data are shown in Table I. 


TABLE I 


Differ- 
ence Sample A Sample B Sample C Sample D 
Seem in Size : 
Cut of Weight Weight Weight Weight Weight Weight Weight Weight 
Open- (Grams) Per (Grams) Per (Grams) Per (Grams) Per 
Cent Cent Cent 


ing ent 
(Inches) 


30- 40 -0053 .607 5.60 .o71 8.00 28.85 
40- 50 -0040 1.301 I1.99 -.579 7-49 .666 3.37 .272 3.55 
50- 60 -0023 1.164 10.73 .995 12.86 .681 3.45 .310 4.05 
7o- 80 0005 2.514 23.18 2.627 33.07 
-993 12.84 
.084 


8 
nun 
a 
° 
w 


100-120 «5184.77. 14.70 


7.55 1.812 23.65 
120-140 +0004 1.120 10.33 .624 8.07 3.469 17.57 1.070 13.96 
140-200 -0013 1.784 16.45 .431 5.57 3-528 17.84 .810 10.57 
200- 2.120 .150 1.292 -422 
Totals 10.847 100.00 7.734 100.02 19.748 100.00 7.663 99.99 
TABLE II 
Space Size of Ratio o 
Diameter Between Space Space Z Computed Size 
Gauge of Wire Wires oul Wie Wire Wire Space 
(Unches) (Inches) (a) (6) © 4) 
30 -0130 -0203 -0333 2.20 -O104 .02290 
40 -O100 .O150 .0250 1.50 .O100 -O1500 
50 -0090 -O110 -0200 1.30 -0087 -O1130 
60 -0080 -0087 -0167 1.15 .0078 .00890 
7° .0070 .0073 .O143 1.30 ° .00860 
80 +0057 .0068 -O125 1.20 -0057 .00860 
go -0050 -0061 -OIII 1.30 -0048 -00630 
100 +0045 +0055 -O100 1.50 +0040 -00600 
120 -0037 -0046 -0083 1.50 -00332 -00498 
140 .0029 -0042 -00714 1.50 -00285 .00429 
160 +0025 +0037 -00625 1.47 -00253 -00372 
180 +0023 -0033 -00556 1.60 -00214 -00342 
, 200 -0021 -0029 -00500 1.38 -00210 -00290 
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On the assumption that, in general, the greater the difference in 
size of opening between two consecutive screens, the larger the sand 
cut retained, a comparison is offered between the size of cuts as ac- 
tually measured from four separate samples and the differences in 
interwire size of consecutive screens. 

It will be noted from Table I and Figure 2 that the 60/70 cuts 
and the 90/100 cuts are very small compared with the oth csruts, 
whereas the 70/80 and the 100/120 cuts are too perstentle ylaeirg to 


PERCENTAGE WEIGHT OF SCREEN CUT 


MESH SIZE OF SCREEN CUTS 


Fic. 2 


be attributed to the characteristic sand sorting of the four samples 
and seemingly should be attributed to the variation in screen size. 
The difference in size opening, as calculated from the wire specifica- 
tions furnished by the manufacturer, failed to show any reason for the 
noted variation of the percentage size of the cuts. Thereupon a cali- 
bration of the wires was made to ascertain the correctness of the 
specifications. 

The counting of the wires checked exactly with the corresponding 
mesh size. There were no irregularities in the weaving of the mesh, 
and the wires were smooth. Because the direct measurement of the 
diameter of the wire was difficult, the diameters were calculated by 
measuring the ratio of space to wire. Table II gives the diameters of 
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the wires and the sizes of the intervening spaces as measured and also 
as per specification. 

The first column in Table II gives the gauge size or number of 
wires per inch. The fourth column gives the size of one space and one 
wire (a) which value is obtained by dividing one inch by the number 
of wires per inch or mesh size. The fifth column gives the observed 
ratio (6) of the computed size of the interwire space (d) to the diameter 
of the wire (c). The sixth column gives the computed diameter of the 
wire (c). The seventh column gives the computed interwire space (d). 
The second and third columns, as already noted, give the manufac- 
turer’s specifications. The value of (c) and (d) are calculated from the 
following relationship. 


_ a 


d=a-c 


The table shows that the difference in interwire space between the 
60- and 70-mesh screens is 0.0003 inch, whereas the difference between 
the 50- and 60-mesh screens is 0.0024 inch and the difference between 
the 70- and 80-mesh screens is 0.0018 inch. The small difference in 
interwire size between the 60- and 70-mesh screens explains why all 
of the four samples analyzed and listed in Table I show a very small 
percentage of the 60/70 cut. According to the specifications furnished 
by the manufacturer, the difference in interwire size of the 60- and 
70-mesh screens should have been 0.0014 inch, which would have been 
larger than the difference of 0.0005 inch specified for the 70/80-mesh 
screens. The analyses of the samples and the measuring of the wire 
showed that the 60/70 cut should be small due to the small difference 
between the interwire sizes of the respective screens, whereas the 
70/80-mesh cut should be large because of the greater difference 
between interwire sizes of the screens. 

The wire measurements calculated and shown in Table II are not 
as accurate as might be desired, because of the lack of proper measur- 
ing equipment, but their approximation is closer to the actual size of 
the wires than the sizes given in the letter of specifications supplied 
by the manufacturer. The same screens made by the same manu- 
facturer are used by several of the larger oil companies and it is 
recommended that all screens be calibrated before being put into 
service. 

Figure 3 shows a plot of the interwire screen size for the different 
screens and the grouping of these screens in order to obtain, as nearly 
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as possible, even sand cuts. Though the grouping of screens as se- 
lected in the following lists is not perfect, it was considered the best 
possible under the circumstances and proved by actual tests to be 
satisfactory. As wire specifications may vary from screen to screen 


SIZE OF INTERWIRE OPENINGS IN INCHES 


Fic. 3 


and from manufacturer to manufacturer, this grouping should not 
d be used without checking the diameters of the wires. 
The following cuts were used for purposes of correlation: 30/40, 
40/50, 50/70, 70/80, 80/100, 100/120, 120/160, and 160/200. 
Sand retained on the 30-mesh screen and that passing through 
" the 200-mesh was saved but not weighed and was not included in the 
percentage distribution of cuts. 
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INDEX CHART OF SAND CORRELATION 


SAND CORRELATION ESTABLISHED BY SIMILARITY INDEX CHART NO. 

WITH THE FOLLOWING INDEX CHARTS: COMPANY 

CHART Company | WELL No. DEPTH WELL 
DEPTH OF SAMPLE 
PRODUCING ZONE 
TYPE OF SAMPLE 


HISTOGRAM OF MECHANICAL SAND ANALYSIS oe ‘on 
CQGARS FINE — 
| 
4 7 ABUN- 
DANT 


—— 
70 FEW 


TIX 


EXTRANEOUS SHELLS 
AND SECONDARY MINERALS 


$ 


° 


REWORKED) 
|PIRIT 
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| [ \ 
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PERCENTAGE WEIGHT OF SCREEN CUT 


RARE 


MESH SIZE OF SCREEN CUTS 
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WEIGHING 

At the conclusion of the vibrating period, the stack of screens was 
removed from the shaker and each screen thoroughly cleaned with a 
stiff brush, care being taken not to damage the screen in the process. 
The cuts were weighed on a Chain-O-Matic balance to three decimal 
places. It was found that this balance allowed speedy weighing with 
extreme accuracy. 

METHOD OF PLOTTING 

The data obtained by the mechanical analyses of a sample were 
plotted on a card as shown in Figure 4. 

Sheets of Eastman Safety Translite film, 0.015 inch thick and 12 
by 20 inches in size, were cut to 5$X7}-inch rectangles and the form 
photographed thereon. 

FILING 

The numbers in the upper right-hand corner of the index chart 
(Fig. 4) gives, in order of sequence, the code number of the operating 
company, the number of the well from which the sample was taken, 
and the serial number of the core. The other entries on the card are 
self-explanatory. 

As already described, only eight screen sizes were used. The per- 
centages of total sample weight caught on each screen were plotted to 
give the characteristic sand distribution pattern for each sample. 

Another method developed for recording the results of sand 
analyses was the substitution of serial numbers for the graphical 
method of recording previously described. 

The following serial numbers are used to identify the various 
screen cuts. 

Serial Number Screen Cut 
30/ 40 
40/ 50 
50/ 70 
70/ 80 
80/100 
100/120 


120/160 
160/200 


OU 


In making up the serial numbers, the cuts are listed in the order of 
percentage weight beginning with the heaviest cut. An example is 
the following analysis of sand core. 


Serial Number Weight of Sample in Grams Percentage Weight 
- 1003 
1806 
-2714 
3633 
- 2367 
.9766 
1098 
- 1820 


NH 


I 
2. 
8 
6. 
° 
5 
2 


Cn OU 


j i 
a 
| 
| 
| 
= 
4 
| 
; | 
: | 


USE OF SAND ANALYSES FOR CORRELATION 1321 


The characteristic serial number of this sand is 6-4-5-7-3-8-2-1. 

The percentage of the fourth cut (70/80-screen) is arbitrarily 
designated as the coarseness index. Thus the coarseness index of the 
sample described is 18.4. 

The characteristic serial number of a sand changes as the coarse- 
ness of the sand changes. If the coarseness index of the sand increases, 
the “low” serial numbers such as 2, 3, and 4, move to the left, shifting 
places with the corresponding “high” serial numbers. If the increase in 
degree of coarseness is relatively small, only one of the serial numbers 
would be shifted, the cut that is shifting the position being the one 
showing the least percentage difference with regard to the cut im- 
mediately preceding it. Thus cut number 8 is only slightly greater 
than cut number 2, and, with a slight increase in coarseness as re- 
vealed by the magnitude of the coarseness index, the two cuts, num- 
ber 8 and number 2, would readily exchange positions. Example: 


Well Number Depth of Sand Coarseness Index Serial Number 
in Feet 
A 2,844 18.4 6-4-5-7-3-8-2 
B 2,799 25-9 6-4-5-7-3-2-8 


If the increase in coarseness is greater, as reflected by higher values 
of the coarseness index, then two or all of the “low”’- figure cuts are 
shifted, exchanging position with the “high” serial number. Example: 


Well Number Depth of Sand Coarseness Serial Number 
in Feet 

2,844 18.4 6-4-5—-7-3-8-2 

B 2,812 32.7 4-6-5-3-7-2-8 


When a sand decreases in coarseness, the process of shifting the 
serial numbers is reversed from the one described. 

In addition to the mechanical sand analysis, the paleontological 
record, the geological age of the formation, and the environment of 
deposition as determined from the sample were recorded either on 
tabulated sheets when the sand analysis was expressed by index num- 
bers, or on index charts when the sand analysis was expressed graphi- 
cally. The paleontological determinations were permanently recorded 
on the card by punching a hole in the desired square. In cases where 
the determination was tentative, pencil checks- were used in lieu of 
the holes. 

The particular problem for which the present method was de- 
veloped used all these items, although the use of pyrite shown on 
the charts as a criterion proved to be non-diagnostic and was dropped 
shortly after the study began. 

‘The card system proved to be speedy and efficient. It is flexible in 
that heavy-mineral determinations, other types of fossil charts, e¢ 


iy 
| 
} 
ck 
J 
2 
¥ 
| 
: iz 
4 
4 
| 
| 


1322 I. I. GARDESCU AND M. H. BILLINGS 


cetera, may be substituted for the tables of criteria used in the present 
work. In other words, it is the method which is of interest rather than 
the specific example. 

The printing of the forms on the photographic film plate was 
somewhat more expensive than it would have been had the forms 
been printed on other material. However, use of the film plate had 
definite advantages. 

One advantage was the ease of comparison of several analyses by 
superposition. At the beginning of the study, the form was printed 
on a heavy grade of tracing paper, but it was found that constant use 
of the forms caused the corners to roll up and thus make handling 
difficult. The film card retains its shape and is easily handled. Another 
advantage of the film is that it is very durable. Much alteration of 
data and ink erasing are possible without damaging the film print. 

Very clean blue prints can be made from the films, and photostats 
can be made in considerably reduced size without loss of legibility. 
If, for example, the prints are to be reduced to a point where they can 
be used on well logs or cross sections, the area below the sand analysis 
line on the graph can be painted black to give a silhouette of the sand 
distribution form, which can stand almost any amount of reduction 
and is well adapted to purposes of comparison. If the card is laid upon 
black paper when the photostats are made, the holes show up as black 
circles and are readily legible. Furthermore, any written notes which 
are to be kept on the card may be written on it with the assurance 
that they may be easily read and removed when they are no longer 
necessary, 

The size and stiffness of the card facilitates filing in a small file 
box. If the index system described here is used as a basis for the filing 
system, any particular card or cards are readily accessible. 

A great abundance of information may be filed permanently on the 
card in such a compact space that any desired data may be quickly 
found. Especially is this an advantage over the average paleontologi- 
cal report, which is ordinarily difficult to remember in detail. 

The cards are small enough to be lined up on a table according to 
depth and positions of the wells so that the sand characteristics may 
be compared and the progressive environmental history easily seen. 
This method of correlation by lining-up of the index cards is very de- 
sirable inasmuch as it shows the vertical and lateral relationships of 
the sediments being considered. 


PALEONTOLOGICAL DATA 


The routine method of preparing and examining cores and cut- 
tings for microfauna was followed. The paleontologists making the 
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examinations noted on a permanent record the following items: depth 
of sample; description of sample; kind of sample (cores, cuttings, ef 
cetera); whether or not indigenous or reworked faunal remains were 
present, and if so, whether they were rare, few, common, or abundant; 
and the paleontological and geological classification of the sample. 
The quantitative analyses of sand and fossils derived from cuttings 
were not used. 

The quantitative recording of indigenous and extraneous shells 
under separate headings led to the interesting observation that 
wherever the indigenous shells were abundant, the reworked shells 
are absent or rare, and vice versa. 

A tentative explanation of this phenomenon is offered, relating the 
fact to the conditions of depositional environment. Thus, in the 
presence of wave action, the existence of which may be inferred by 
the abundance of worn fragments of oyster shells, it is reasonable to 
expect that the small, delicate tests of the reworked extraneous fauna 
have been destroyed. As further proof of the correctness of this 
opinion, mention is made of the fact that the foregoing relationship, 
which was noted without exception in all the sand samples examined, 
does not hold true in shale samples which were deposited in quiet 
water. 


APPLICATION OF METHOD 


Studies of sedimentation problems and screen analysis in the past 
have shown that the properties characteristic of the samples from a 
closely restricted portion of the geologic column are somewhat re- 
lated, but that on the whole no exact comparison could be made be- 
tween any two samples. The reason for this fact is obvious. While it is 
possible that two sands, alike in all details, could be deposited near 
each other on a beach, yet the probability that cores from adjacent 
wells will yield identical screen analyses and still be exactly compar- 
able in paleontological details is rather remote. As a matter of fact, 
screen analyses from two sections of the same core are not alike in all 
details, although they may be so close that when plotted, as de- 
scribed, little doubt can be entertained as to their relationships. 

Thus it can be stated that if conditions of deposition remain con- 
stant for any length of time, the sediments on a somewhat restricted 
area of the sea bottom have characteristics which, though not identi- 
cal, are similar and recognizable. The conditions prerequisite to de- 
position of like material in an appreciable vertical and horizontal 
range are: constant depth of water, constant isostatic relation of land 
and sea, constant source of similar material, and unchanging rela- 
tions of currents, tidal movements, et cetera. 
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If conditions remain constant for increasing lengths of time, so do 
chances for increased vertical range of correlations by screen analyses. 
In like manner, so do the chances for greater lateral range of correla- 
tion increase. 

If mechanical analyses alone are used for correlation, the chances 
for a reversion after change in condition in sedimentation to the 
original type of sediment lead to confusion and error in correlation. 
However, if paleontological data are used in conjunction with me- 
chanical sand analyses, the chances for such confusion are greatly 
reduced and in addition closer correlation is permitted. 


EXAMPLE OF CORRELATION BY MEANS OF INDEX CHARTS 


The following example is taken from an actual case but the desig- 
nation of the wells is fictitious. The problem is to determine whether 
the oil sand topped at 3,460 feet in well X (Fig. 5) is the same as the 
producing zone topped at 3,212 feet in well Y or that topped at 
2,947 feet. 

All of the index charts available for the oil sand zone topped at 
3,460 feet in well X, as well as the index charts available for both oil 
sand zones in well Y, are shown in Figure 6. 

Figure 7 shows three index charts from well X and the correlating 
three index charts for well Y. It is to be noted that the three index 
charts of the two wells are in the same sequence and that approxi- 
mately the same interval is found between what are considered to be 
the correlating sands. 

There are several index charts in the lower sand zone of well Y (Fig. 
6) that are similar to the first two index charts (Fig. 7) of well X. The 
third index chart of well X (2-X-03), however, shows the presence of 
indigenous marine shells, whereas none of the index charts of the lower 
sand of well Y shows any indigenous shells. All of the remaining index 
charts of well X show the presence of reworked Cretaceous shells, 
whereas none of the index charts of the lower sand of well Y shows 
any reworked shells. The only charts of well X that could possibly be 
correlated with any of the charts in the lower sand of well Y are the 
first two charts, which show a medium-grained sand with no indige- 
nous or extraneous shells. Such sands are very common and can not 
be considered as diagnostic. 

By referring to Figure 7 it will be noticed that the first correlating 
index charts (2-Y-03 and 2-X-o2) show a medium sand with no in- 
digenous or reworked fossils. The second pair of index charts (2-Y-o5 
and 2-X-03) show a medium-fine sand with indigenous marine shells. 
The paleontological record, however, is not identical. The sample from 
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INDEX CHARTS OF WELLS X AND Y 


Fic. 6.—The detail of these charts, here illegible, may be seen in enlarged index chart shown as Figure 4. 
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well Y shows rare reworked foraminifera and no reworked aragonite 
prisms (Inoceramus ribs), whereas the sample from well X shows no 
reworked foraminifera and no reworked aragonite prisms. The differ- 
ences between “none” and “rare”’ is slight. If a large sample had been 
used, then the difference might have been significant but when in a 
5- or 10-gram sample one or two reworked foraminifera are found, 
whereas none was found in the other sample, the difference in re- 
cording can easily be attributed to the scarcity of the reworked fossils 
and the reduced size of the sample rather than to an important differ- 
ence in environment of deposition or age of the two samples. How- 
ever, should one sample show no reworked fossils, whereas the other 
sample showed a common occurrence or an abundant occurrence of 
reworked fossils, such two samples would not be considered to cor- 
relate. The same second pair of correlating index charts shows a differ- 
ence in the record of indigenous shells. The two index charts may not 
represent exactly the same correlating sand. As a matter of fact, the 
second index chart of well X shows the analysis of a sand occurring 13 
feet below the sand shown on the first index chart, whereas the second 
index chart of well Y shows the analysis of a sand occurring 19 feet 
below the sand shown on the first index chart of the same well. The 
fact that the same index chart showed evidence of marine environ- 
ment in a zone where such evidence is scant is considered sufficiently 
significant to justify the correlation of the two sands showing a marked 
similarity of sand-grain distribution. 

The third set (2-Y-o8 and 2-X-og) of correlating index charts 
(Fig. 7) shows a fine sand with no indigenous marine fossils but with 
a common occurrence of reworked Cretaceous foraminifera. The oc- 
currence of aragonite prisms is recorded as rare in well Y and com- 
mon in well X and the two sands would not have been correlated were 
it not for the fact that the reworked Cretaceous foraminifera are com- 
mon in both samples. An examination of the sand analysis graph of 
chart 2-Y-o8 shows that the sand is finer than the sand shown on 
chart 2-X-04, with which it was correlated, and coarser than the sand 
shown in 2-X-o5. The sand shown in chart 2-X-04, which was found 
at 3,507 feet, shows an abundance of reworked aragonite prisms, 
whereas the sand occurring at 3,515 feet shown in chart 2-X-o5 shows 
no aragonite prisms. It is, therefore, reasonable to expect that some 
sand between 3,507 and 3,515 feet, of a degree of coarseness approach- 
ing that of the sand shown in 2-Y-08, would show an occurrence of 
reworked aragonite prisms that would be intermediate between 
those shown by the index charts 2-X-o4 and 2-X-os5 and, therefore, 
would approach the occurrence shown by the index chart 2-Y-o8. 
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Such an analysis of index-chart data as that just given in detail may 
seem awkward, but, with a little practice and the index charts all 
lined up on a table, the entire process becomes very elucidating and 
simple. 

As mentioned before, the use of the index charts is not limited to 
correlation. 

It is to be noted that the three correlating index charts occur 
higher in the sand zone in well X than in well Y. This fact is not 
caused by improper logging of the top of the sand. On the contrary, 
the location of the correlating sands higher in the section in the down- 
dip well is a general phenomenon encountered in the area and zone 
being considered and is due to the relationship of deposition to the 
concomitant movement of the dome. 

Figure 8 shows the correlating sand zone referred to in wells X and 
Y. The section is lined up on the basis of correlating sands and includes 
the adjoining wells W and Z. 

The sand zone shown, hereafter referred to as Zone M, rests 
unconformably on a fresh-water marl referred to by the drillers as 
shale and lime. The shale, in addition to being calcareous, contains 
soft white calcareous masses; hence its description in the drillers’ 
log as shale and lime. This marl overlies the non-marine unfossiliferous 
sand encountered in well Y (Zone N) at 3,212 feet, to which reference 
has already been made. 

Five distinct sand members have been differentiated in Zone M 
in the section shown in Figure 8. The sand-determination charts which 
served to effect this correlation have been discussed already in the 
case of the upper three sands. The correlation of the lower two sand 
members was made by similar reasoning and using the same type of 
evidence, but a discussion of the evidence is omitted from this paper 
for the purpose of conciseness. 

From the data derived from the sedimentation study and plotted 
on the index cards, the following geological history of this particular 
section may be derived. 

At the close of the period of deposition of the lower non-marine 
sand and fresh-water marl discussed (shown on Figure 8 as the inter- 
mediate shale of lower Fleming age) there followed a period of gradual 
submergence during which the sands of Zone M were deposited. The 
submergence continued through the period of deposition of marine 
shales overlying Zone M. 

The non-marine sediments of Zone N of Miocene age overlie 
the marine Oligocene. During the period of emergence that followed 
the close of the Oligocene and prior to the deposition of Zone M some 
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FIG. 8 


SAND MEMBERS WITHIN ZONE "M" 


SHOWN IN ATTITUDE OF DEPOSITION 


Fic. 8.—The detail of these charts, here illegible, may be seen in enlarged index chart shown as Figure 4. 
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of the Upper and Middle Oligocene in the area of uplift was subjected 
to erosion. Without going into any details in the present paper, men- 
tion is made of the fact that the unconformable contact of the Lower 
Miocene with the Lower Oligocene close to the dome and the flanking 
position of the Middle and Upper Oligocene sediments off the dome 
are the result of the erosion of a once continuous series of sediments 
from the crest of the uplift rather than non-deposition. There is strong 
evidence on the southeast flank of the dome that during Lower Mio- 
cene time a large amount of Oligocene material was eroded off the 
dome proper and re-deposited as reworked material on the flanks in 
the surrounding shallow sea. 

At the close of the time of deposition of the fresh-water marl shown 
in Figure 8 there followed a submergence of the area, as a result of 
which shore-line sands were deposited in the shallow seas. Thus, sand 
No. 5 (Fig. 8) did not extend as far up the flank of the dome as the 
sands of wells Y and W. Then followed the deposition of sands No. 4 
and No. 3, each of which extended a little farther toward the center 
of the dome than the member immediately underlying. Off the dome 
these sands change to shale, following the normal sequence of de- 
position. 

Thus, the sand present in well Y at 2,950 feet is represented by 
shale in wells W, X, and Z, while sand No. 1, present in wells Y, W, 
and X, is not present in well Z, et cetera. Well Z was drilled twice 
and carefully cored. There is no reason to believe that there is a sand 
zone formation encountered in well Z and logged as shale. It may be 
argued that the disappearance of the sand in wells Z, X, and W is 
due to faulting, but the same type of occurrence is so general and 
consistent that such an assumption could not explain the other oc- 
currences throughout the field. Furthermore, it would seem awkward 
to have a fault explain the lack of deposition of sand No. 5 in wells 
Y and W and another fault explain the lack of deposition of sand No. 1 
in well Z. In general, the evidence shows that a single sand member 
which has been deposited on the flanks of the dome extends over a 
very limited area. Therefore, the producing zone, made up as it is of 
many local sand members, shows great variation in thickness, the 
variations, however, being closely related to the fectonic movements 
of the dome during the deposition of the sediments. 

While in general the deposition of sands in superimposed layers 
moving inland with the encroaching sea is a well recognized regional 
feature, yet it has not been commonly recognized and has not been 
fully appreciated in its occurrence over small areas in the vicinity of 
salt domes. 
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Another interesting study to be derived from the examination 
of the index charts is with regard to cycles of deposition as reflected 
by the lithological characteristics of the sand and shown by the index 
charts. The group of index charts of the lower sand of well Y, shown 
at the bottom of Figure 6, is an example of a depositional cycle. Be- 
ginning with card 2-Y-30 the sand is fine, gradually becoming coarser 
as shown in 2-Y-28, 2-Y-25, 2-Y-24, et cetera, although remaining 
essentially a medium-grained sand. At the other end of the cycle, card 
2-Y-17 shows a sand slightly finer than the one shown in 2-Y-18, 
while the sand shown in 2-Y-16, at the end of the cycle, is the finest of 
the three sands last mentioned. This sand being non-marine and 
unfossiliferous, the paleontological cycle which somewhat commonly 
accompanies the sedimentary cycle can not be observed. Other typi- 
cal sand depositional cycles have been noted in the sand study of the 
dome. 
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APPLICATION OF X-RAY CRYSTAL ANALYSIS TO 
A PROBLEM OF PETROLEUM GEOLOGY! 


D. H. REYNOLDS,? ELDON A. MEANS,’ anp LINDSEY G. MORGAN* 
Chicago, Illinois, and Wichita, Kansas 


ABSTRACT 


The powder method of X-ray analysis of mineral mixtures has been applied to 
selected drill samples from several geological formations of some western Kansas oil 
wells. The diffraction patterns obtained were interpreted to show the individual 
minerals present, and the relative abundance of each, in the drill cuttings. 

The data for wells rather widely separated geographically show a distinct correla- 
tion between the type X-ray diffraction pattern obtained and the member of the for- 
mation from which the sample was obtained. 

A great possible usefulness of the method to petroleum geology is indicated. 


The definite identification of the exact geological stratum from 
which a drill sample originates presents a problem which has been 
only partly solved by microscopic examination and chemical analysis. 
The mineral constituents of a sample can only be guessed from the 
latter, and can be determined with no great certainty, even with the 
most refined technics of microscopy. Although these have been in- 
dispensable in directing drill operations in the past and will certainly 
remain so in the future, a sure and unquestionable means of minera- 
logical analysis of finely divided specimens and complex mixtures 
would be welcomed by geologists as an immensely valuable aid in their 
work. Such a method is to be found in the powder method of crystal 
analysis by X-ray diffraction. 

The pertinent facts concerning the use of X-ray diffraction for 
mineralogical analysis are summarized in the following statements. 

1. Each chemical compound, or distinct mineral, when pulverized 
and placed in the path of a monochromatic pencil of X-rays, gives rise 
to a diffraction pattern, which is unique for that substance. This pat- 
tern may be recorded photographically. 

2. The same substance invariably produces the same diffraction 


1 Manuscript received, May 20, 1937. 

2 General Electric X-Ray Corporation, Chicago. The writers wish to express their 
gratitude to the General Electric X-Ray Corporation for the use of the General Electric- 
Hayes X-Ray diffraction unit used in this investigation, and to the following oil com- 
panies for the samples used: Carter Oil Company, Vickers Petroleum Company, and 
Sinclair-Prairie Oil Company. 

3 The Eldon Means Company, Wichita. 


* Vickers Petroleum Company, Wichita. 
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pattern, which is different from that obtainable from any other sub- 
stance. 

3. Different polymorphic forms of the same compound, or mineral, 
show different X-ray diffraction patterns, and so can be distinguished 
with certainty. Thus flint, which is crypto-crystalline quartz, shows 
the same pattern as a powder prepared from a large single crystal of 
alpha-quartz, but cristobalite and tridymite give patterns different 
from alpha-quartz, and different from each other. 

4. For a mixture of minerals, each mineral present gives its own 
pattern, regardless of the other constituents, and the resulting pattern 
is made up of the superimposed patterns of all the individual minerals 
present. 

5. By comparing the pattern for a mixture with those for pure 
minerals it is a simple matter to identify beyond any reasonable 
doubt the minerals present, and, which is of almost equal importance, 
it is easy to make an estimate of the relative amounts of each con- 
stituent mineral. 

It is to be emphasized that this method not only shows the ele- 
ments present, but does so by showing their true state of chemical 
combination. The only limitation involved is that any mineral must 
be present to the extent of one or two per cent before enough of its 
individual pattern shows to provide positive identification. 

The investigation to be described was undertaken with the 
thought that such a mineralogical analysis would be of great help to 
the other methods used to direct drilling operations. It was con- 
sidered probable, even, that a definite differentiation between various 
members of a geological formation might be made on the basis of the 
type X-ray diffraction pattern obtained, at least within one geological 
province. Though this latter point has not yet been proved conclu- 
sively, an encouraging correlation has been found which justifies a 
preliminary report on work in progress. 


EXPERIMENTAL PROCEDURE 


The technic of the Hull-Debye-Sherrer “powder” method of 
crystal analysis by X-ray diffraction has been described many times,5 
hence no detailed account is needed here. The particular technic used 


5 A. W. Hull, “A New Method of Chemical Analysis,” Jour. Amer. Chem. Soc., 
Vol. 41 (1919), p. 1168. 
( 3 L. Clark, Applied X-Rays, 2nd ed., McGraw-Hill Book Company, New York 
1932). 
W. P. Davey, “Chemical Analysis by X-Ray Diffraction Methods,” A.S.T.M. 
Symposium on Radiography and X-Ray Diffraction Methods (Amer. Soc. for Testing 
Materials, Washington, D.C., 1937). 
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in this investigation was the so-called ‘“‘wedge’”’ technic® with a modi- 
fied Sherrer camera, in which the apex of a wedge of powder is sub- 
stituted for the conventional cylindrical specimen. 

To obtain reference patterns of the constituent minerals, the drill- 
cutting samples were examined under low-power magnification, and 
grains selected to represent each of the different appearing minerals. 
From the X-ray diffraction patterns of the 30 specimens selected in 
this manner 6 distinct minerals were recognized. These were desig- 
nated as A, B, C, D, E, and F. A and B are alpha-quartz and calcite, 
respectively. C has been segregated in nearly pure form. Its pattern 
is very similar to that for calcite, and matches the calculated pattern 
for dolomite. 

D, E, and F were found to be intimately associated with A, B, 
or C, or mixtures of these. Though they have not been isolated or 
identified, they do represent distinct minerals, since the diffraction 
lines for each of them are invariably associated together in the same 
order of relative densities. 

For more than roo drill-cutting and outcrop samples examined so 
far, representing 13 different geological strata, these 6 minerals were 
sufficient to account for practically all the diffraction lines observed. 
In the tables the letter X designates the appearance of lines not 
coming from one of the 6 minerals. It does not represent any one 
mineral for the whole set of samples, but may vary from series to 
series. Except for certain isolated samples, the X minerals are not 
present to any very large extent, and ordinarily appear only in shaly 
samples. 

To classify the type diffraction patterns obtained, the lines ap- 
pearing on each film were numbered and measured. The measurements 
were listed in the order of decreasing line densities, and checked 
against similar measurements for the standard minerals. In this 
manner the individual minerals in a specimen could be identified, and 
listed in their proper order of decreasing abundance. The resulting 
series of letters then designates the type pattern for that specimen. 
For example, the letters ABC indicate that the sample consists prin- 
cipally of quartz, calcite, and dolomite, with quartz the most promi- 
nent, and dolomite present in least amount. 


RESULTS AND DISCUSSION 


The results for drill samples from various limestone strata en- 
countered at different depths in the same drill hole are tabulated in 


6G. L. Clark and D. H. Reynolds, ‘Quantitative Analysis of Mine Dusts,”’ Ind. 
Eng. Chem. Anal. Ed. 8, 36 (1936). 
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Table I. The patterns obtained have been correlated so far as was 
possible with the type patterns of outcrops, or similarly identified 


samples from other localities. 


TABLE I 


CHANGES IN TyPE PATTERN OF DRILL SAMPLES FOR SUCCESSIVE DEPTHS. 
Dritt Hote ry Sec. 25, T. 15 S., R. 24 W., KANSAS 


Sample Depth in Feet Formation Pattern Type —_ 
161 2,590-2,600 + Fort Riley ECA ECA or BCA Fort Riley 
162 2,650-2,660 Florence flint ACE* A, AC, AB Florence flint 
163 2,900-2,920 Cottonwood CEABD BAC 
164 2,940-2,950 Neva BECA BAt Neva 
165 3,060-3,070 Americus BAEC BAXC Americus 
166  3,260-3,270 Howard BADX___ BADt Howard 
167 3,410-3,420 Topeka BACDE BAC Topeka 
169 4,311-4,313 Mississippian CAB ACD ? 

1694 4,313-4,315 Mississippian CAX or ABD ? 

169 b 4,315-4,318 Mississippian CABX ? 

169¢ 4,318-4,320 Mississippian ACDX Mississippian 
170 4,418-4,422 Viola-Simpson ABEX Bt, BC?, or Mississippian 
1704 4,422-4,430 ViolaSimpson ABEDX CB? Mississippian 
171 4,440-4,445 Viola-Simpson BAC ? 

171 a 4,445-4,450 or Arbuckle BADC ? 

172 4,499-4,502 or Arbuckle BCX Viola 

1724 4,502-4,505 orArbuckle BC Viola 

172b 4,505-4,510 orArbuckle CB Viola 

173 4,538-4,543 Arbuckle CA AC or CA Arbuckle 
1738 4,543-4,547 Arbuckle CA AC or CA Arbuckle 

174 4,599-4,603 Arbuckle ACX AC or CA Arbuckle 
1744 4,603-4,608 Arbuckle ACX AC or CA Arbuckle 

175 4,699-4,706 Arbuckle CAD AC or CA Arbuckle 
175 4,706-4,708 Arbuckle CAX AC or CA Arbuckle 

175 b 4,708-4,711 Arbuckle CA AC or CA Arbuckle 

176 4,719-4,726 Arbuckle CA AC or CA Arbuckle 


* A bar over a letter indicates that the mineral so overlined is present in rather small amounts. 


+ From outcrops. 


It will be noted that good agreement is found for the strata above 
the Mississippian limestone, except for the Cottonwood. The Missis- 
sippian limestone appears to have been anticipated prematurely and 
relinquished too soon, making it, together with the Viola and Arbuckle 
strata, a matter of 100 feet out of place. This conclusion assumes, of 
course, that the Mississippian and lower formations should show a 
mineralogical relationship to the same strata elsewhere, as is apparent 
for strata above the Mississippian. That this is not asking too much 
is shown by the results in Table II for the series from rather widely 


separated localities. 


TABLE II 
CORRELATION BETWEEN 
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In Table II the regularity observed in the Mississippian, Howard, 
and Arbuckle samples is quite gratifying. Three of the Florence flint 
samples fit in very well also, but in sample 157 quartz is entirely ab- 
sent, and sample 158 is very low in this mineral, which certainly 
should be found in a flint. 


Fic. 1.—Photographs of X-ray diffraction patterns of samples of Florence flint 
(top), pure quartz (middle), and mineral A (bottom). Notice identity of mineral A 
with quartz. 


It should be noted that for the Viola series the two core samples 
prove to be pure calcite, while all the other samples, except 49 and 50, 
show a predominance of quartz with the almost complete absence of 
calcite. Samples 47, 48, and 60 show a close relationship to the Missis- 
sippian series. These facts appear to throw some doubt upon the previ- 
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ous identification of these samples, although an effort was made to use 
only samples whose classification was certain. 

Tables I and II show results from 55 of more than 1oo samples 
which have been examined by the X-ray method. It is true that a suf- 
ficiently great number of samples have not yet been analyzed to show 
the ultimate value of the method in identifying geological strata. How- 
ever, the results presented do prove that X-ray diffraction may be ex- 
pected to be of enormous practical aid to the petroleum geologist, 
particularly if fossiliferous evidence is lacking or confusing. The use- 
fulness of the method is bound to increase as the number of drill 
holes surveyed increases, and more extended correlations between dif- 
ferent localities are made available. The investigation started here is 
still in progress, and will be reported more completely at a later date. 


CONCLUSIONS 


X-ray diffraction by crystalline powder offers a method of de- 
termining the individual minerals present in a drill-cutting sample, 
and of estimating the relative amounts of each mineral. 

Data for geological strata from several oil wells in western Kansas 
show a definite correlation between the type X-ray pattern obtained 
and the member of the formation from which the sample was obtained. 

The types of X-ray diffraction patterns (Fig. 1) for various lime- 
stone strata encountered at different levels in a single drill hole are 
tabulated. These indicate that the method has a great possible use- 
fulness to the petroleum geologist in directing drilling operations. 
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GEOLOGICAL NOTES 


VOLCANIC TUFFS OF SANTA LUCIA RANGE 
AND MIOCENE PALEOGEOGRAPHY OF 
SALINAS VALLEY, CALIFORNIA 


The Miocene paleogeography, age of faulting, and present struc- 
ture of the lower (northern) Salinas Valley, lying between Sierra de 
Salinas (northern Santa Lucia Range) on the west and the Gabilan 
Range on the east, have been variously interpreted by many geolo- 
gists. In recent years Clark has made several contributions.' In his 
most recent discussion-appears the following statement which ap- 
parently was the basis for revising his former interpretation of the 
Miocene paleogeography of the lower Salinas Valley. 

The writer formerly thought that there was a channel between Toro 
Mountain and the Gabilan Mountains during the Miocene; this area was 
called the Salinas graben. The work of C. L. Herold . . . upon the Miocene 
sediments west of Toro Mountain appears to show that these sediments were 
derived in part from certain distinctive volcanic rocks which are known only 
in the northeast part of the Gabilan Mountain block. There are no records 
of marine Miocene or Pliocene sediments underneath the alluvium of the 
Salinas Valley. Thus, it would seem probable that the Salinas graben had a 
much later origin than was at first believed.” 


It is feared that there has been a misinterpretation of the char- 
acter of the volcanic detritus in the Miocene sediments, particularly 
with respect to the mode of transportation from its source, which is 
believed to have been in the Pinnacles area.* 

It has apparently been assumed that the volcanic débris was 
transported by westward-flowing streams across the area that is now 
the western slopes of the Gabilan Range and the lower Salinas Val- 
ley, ultimately being deposited in the Miocene seas west of the “Toro 
Mountain block,” or Sierra de Salinas. Elsewhere in this Bulletin the 
writer has attempted to demonstrate that the volcanic detritus, 

1B. L. Clark, “Tectonics of the Valle Grande of California,’ Bull, Amer. Assoc. 
Petrol. Geol., Vol. 13 (1929), p. 203; “Tectonics of the Coast Ranges of Middle Cali- 
fornia,’’ Bull. Geol. Soc. America, Vol. 41 (1930), pp. 800-01; and “Tectonics of the 


Mount Diablo and Coalinga Areas, Middle Coast Ranges of California, ”” Bull. Geol. 
Soc. America, Vol. 46 (1935), p. 1051. 


2 Bull. Geol. Soc. America, Vol. 46 (1935), p. 1051. 


3C. L. Herold, “Further Evidence for Age of Volcanism, Pinnacles National 
Monument, California, ” Bull. Amer. Assoc. Petrol. Geol., Vol. 21, No. 10 (October, 
1937), PP. 1341-44. 


‘ Op. cit., pp. 1342-43. 
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which is tuffaceous, was carried through the air rather than by 
streams. Thus it is obvious that the presence or absence of a graben 
could have had little or no effect upon transportation and distribu- 
tion of the tuffs occurring in the Miocene sediments of the Salinas 
Quadrangle. 

It is true, however, that water-worn pebbles and cobbles of rhyo- 
lite possessing marked petrographic similarity to the Pinnacles rhyo- 
lite do occur in the Paso Robles (Pliocene (?)-Pleistocene) forma- 
tion on the north slopes of Sierra de Salinas. The source of this ma- 
terial was undoubtedly likewise in the Pinnacles area, and most cer- 
tainly transported by streams. By virtue of the later age of these 
beds, this evidence has little bearing on the question of the Miocene 
paleogeography. 

It is not the writer’s purpose in this paper to make further de- 
ductions of the Miocene paleogeography, or to discuss the present 
structure and age of faulting of the lower Salinas Valley. The sole 
motive is to call attention to the unfortunate misinterpretation, and 
perhaps to forestall any perpetuation that might possibly occur. 

C. LatHRoP HEROLD 
SHELL PETROLEUM CORPORATION 


TYLerR, TEXAS 
June 25, 1937 


FURTHER EVIDENCE FOR AGE OF VOL- 
CANISM, PINNACLES NATIONAL 
MONUMENT, CALIFORNIA 


In his recent publication on the geology of the Pinnacles National 
Monument! in the Gabilan Range of California Coast Ranges, An- 
drews states that the volcanism of that area “began in late Vaqueros 
time and continued to that of lower Temblor’” (or, from upper Lower 
to lower Middle Miocene). His evidence is based on the presence 
or absence of volcanic material in the near-by Tertiary sediments, 
and on generalized correlation with recognized Vaqueros-Temblor 
volcanism elsewhere in California. Due to the lack of fauna in the 
Tertiary sediments, Andrews’ dating is “somewhat uncertain,” ac- 
cording to his own statement.* 

Two volcanic tuffs which are believed to have had their origin in 
the Pinnacles area occur in the Salinas and Jamesburg quadrangles 


1 Philip Andrews, “Geology of the Pinnacles National Monument,” Univ. Cali- 
fornia Bull. Dept. Geol. Sci., Vol. 24 (1936), pp. 1-38. 


2 Tbid., p. 23. 
3 Ibid., pp. 10, 12, 22. 


| 
| 
| 
ime 


1342 GEOLOGICAL NOTES 


of the northern Santa Lucia Range, 25 miles west. They are inter- 
calated in a fossiliferous marine sequence which suggests that the 
Pinnacles volcanism continued to uppermost Miocene and possibly 
to lowermost Pliocene time. 

One of these is a lustrous, silver-gray vitric tuff, averaging about 
8-12 feet thick, which occupies a position about 100-125 feet below 
the top of the local, near-shore sandy facies of the Monterey forma- 
tion. In the Salinas quadrangle the tuff is exposed on the slopes bor- 
dering Corral de Tierra and in the foothills immediately southwest of 
Spreckles, where it occurs with two similar, but less thick and less 
consistent ‘beds of intimate association. It is also found along the 
south slope of Buckeye Ridge in the Jamesburg Quadrangle. Micro- 
scopic examination of numerous samples from widely separated lo- 
calities shows the tuff to be composed almost wholly of fine needles 
and angular fragments of volcanic glass averaging 0.1 mm. in diam- 
eter. It is remarkably free of foreign detritus from near-by granitic 
masses from which were derived the sediments of the super- and sub- 
jacent beds. The composition of the glass is rhyo-dacitic, as deter- 
mined from the consistent refractive index of m= 1.506+.004. Sharp 
depositional contacts with the marine sediments with which it is in- 
terbedded are characteristic. 

That the source of this tuff was in the Pinnacles area is indicated 
by two groups of evidence. The first evidence is the close agrreement 
in composition of vitric products in both areas, namely, m=1.496+ 
.004 (average for Pinnacles),* and m=1.506+.004 (Salinas-James- 
burg). Rhyolitic products, particularly those issuing from explosive 
phases, predominate at the Pinnacles.’ The second evidence is the 
lack of other known possible sources in temporal agreement and 
within reasonable distance. The rhyolite flows and pyroclastics south 
of San Juan Bautista® are almost contiguous, and apparently syn- 
chronous with those at the Pinnacles, and thus possibly some of the 
material may have been contributed by this source. To draw upon 
more remote sources does not seem warranted. Admittedly, there is 
a possibility of volcanism having occurred west of the present Santa 
Lucia Range in the area now submerged beneath the Pacific Ocean; 
at present, however, this is without evidence for proof or contra- 
diction. 

Evidence for rapid deposition of the tuffs from the air in shallow 


‘ Philip Andrews, op. cit., p. 16. 
5 Ibid., pp. 13-22. 


6 Pp. F. Kerr and H. G. Schenck, “Active Thrust-Faults in San Benito County, 
California,” Bull. Geol. Soc. America, Vol. 36 (1925), pp. 472-73, 474- 
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marine waters, that is, deposition almost simultaneous with explo- 
sions, in contrast to longer periods of transportation and possibly re- 
working of older deposits by streams, is found in the sharp deposi- 
tional contacts (particularly the lower); marked freedom from con- 
tamination of minerals commonly found in sediments of the area; 
and the lack of any definite characters indicating transportation by 
moving waters. 

The stratigraphic position of the vitric tuff is determined by the 
presence of a Nonion schencki fauna in equivalent beds along the 
strike a short distance west; thus it is assigned to the Delmontian 
stage of Kleinpell, or to uppermost Miocene.’ 

A lapilli tuff bed, about 25 feet thick, occurs near the top of the 
Poncho Rico formation in the Salinas Quadrangle is exposed on and 
near the Laureles Grade, and in the hills southwest of Spreckles; a 
short distance west of Pine Canyon summit a thin bentonitic clay 
bed occupies the same stratigraphic position as the lapilli tuff. Post- 
Poncho Rico erosion has removed the tuff from a large part of the 
area. Fragments in the bed average 10 mm. in diameter; they are 
composed chiefly of light-colored rhyolitic material; they are em- 
bedded in a clayey matrix which is apparently devitrified volcanic 
glass. Thin opal bands are present. The evidence for assigning the 
source of this tuff to the Pinnacles is not as tenable as in the case of 
the vitric tuff in the Monterey formation. If the Pinnacles can be 
accepted as the source for the Monterey tuff there does not appear 
to be immediate reason for not making the same application in this 
case. 

The Poncho Rico rests conformably on the Monterey in the Sa- 
linas and Jamesburg quadrangles, with the possible exception of one 
small area of local discordance. It is disconformably overlain by the 
Paso Robles terrestrial beds of Upper Pliocene (?)-Pleistocene age. 
A marine molluscan fauna occurring in a reef near the base of the 
Poncho Rico formation is that of Miocene-Pliocene transition.* The 
tuff, occurring at the top of this formation, can thus most likely be 
assigned to lowermost Pliocene age. 

The Pinnacles volcanism was predominantly explosive in the 
terminating phases. In consideration of this fact and the evidence 
already noted, it is concluded that the Pinnacles volcanic activity 
continued beyond the previously determined limit of lower Middle 


7 C. L. Herold, “Geology of the Salinas Quadrangle, California,” Proc. Geol. Soc. 
America, 1935 (1936), pp. 337-38. 
8 C. L. Herold, op. cit. 


® Philip Andrews, op. cit., pp. 15, 23, 31. 
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Miocene (Temblor) to uppermost Miocene, and possibly into lower- 
most Pliocene. 

The question may arise as to why the earlier phases of the Pin- 
nacles volcanism did not contribute to the earlier sediments in the 
Salinas-Jamesburg quadrangles. It may be answered in part by one 
or a combination of the following factors: (a) explosions were chiefly 
confined to later phases of the activity; (b) size of earlier ejectamenta 
or lack of sufficient propulsive force may have prohibited transporta- 
tion over such distances; (c) direction of prevailing winds; (d) direc- 
tional effects of explosions; (e) possibility of lesser explosions over a 
longer period of time, thus enabling any volcanic débris that might 
have been blown to the Santa Lucia Range to be thoroughly dis- 
tributed and admixed with the granitic detritus of the earlier sedi- 
ments by wave and current action in the comparatively shallow 
waters. 

Of evidence to further define the beginning date of activity at 
the Pinnacles, the writer has no knowledge. Careful search in subse- 
quent studies of fossiliferous Miocene and Pliocene sediments in 
areas less remote than those described above may yield more definite 
evidence not only for the beginning date, but also for the dying phases 


of the Pinnacles volcanism. 
C. LATHROP HEROLD 
SHELL PETROLEUM CORPORATION 
TyLer, TEXAS 
June 25, 1937 


KNOXVILLE SERIES IN CALIFORNIA MESOZOIC! 


The Knoxville series, as now known, is typically developed along 
the eastern foothills of the front mountain range of Klamathonia, 
that is along the western border of the Sacramento Valley, north- 
central California. In this zone the series crops out from south of 
Knoxville, Napa County, northward to, and beyond, the Cold Fork 
of the Cottonwood Creek, western Tehama County, almost con- 
tinuously, for a total distance of about 100 miles, its strata dipping 
at a high angle toward the east, and passing beneath the floor of the 
Great Valley. 

The maximum thickness of the series is nearly 16,000 feet where 
it is crossed by the Redbank Creek, but toward the south the thick- 
ness diminishes to 14,000 feet near McCarthy Creek, Tehama County, 
to 12,000 feet in western Glenn County, and to less than 7,000 feet 
in western Colusa County, and at Knoxville. 


1 Abstract of the article presented before the Association at Los Angeles, March 19, 
1937- 
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In composition and character the series is almost wholly detrital, 
consisting of a succession of lithologic types, shales, sandy shales, 
sandstones, conglomerate, and at the top a thick succession of fine 
shales. These types vary in order and thickness in different sections, 
due to slight disturbances during deposition, shore conditions, stream 
discharge, or currents. In its more shaly parts are numerous interpola- 
tions, or lenses, of concretionary limestone, many of which are highly 
fossiliferous, although the shales are generally barren. 

In its geological relations the Knoxville series is unconformable 
with the overlying Shasta series (Lower Cretaceous), and with a suc- 
cession of older rocks below, including ancient schists, Paleozoic 
limestones, cherts, and slates that are generally referred to the “Fran- 
ciscan series,” and a variety of basic igneous rocks, greenstones, ser- 
pentine, and gabbros. Its basal relations are assumed to be those of 
local and regional unconformity. 

In its type area the Knoxville series is essentially a delta deposit, 
built up in part about the discharge point of a considerable river sys- 
tem issuing eastward from the ancient land area of Klamathonia. The 
delta head is found in the topographically low interval between the 
north flank of the Yolla Bolly Mountains and the south flank of the 
Bully Choop range, each forming parts of the front range of the Klam- 
ath Mountains, as now known. The drift of detrital sediment ex- 
tended toward the south along the eastern coast line of Klamathonia 
toward the point of marine entrance into the basin of the Great Val- 
ley south of Clear Lake. 

For the most part the present structural conditions are simple, 
forming a steeply dipping menocline inclined toward the east, al- 
though in places the strata are much disturbed; south of Knoxville 
the series is much broken by faulting, and south of San Francisco 
Bay it is found only in small disconnected areas, as at Mount Diablo, 
and in the Diablo Range, and near San Luis Obispo, and in the Santa 
Ynez Range, Santa Barbara County. South of this it has not been 
recorded. 

In southern Oregon near Riddle, Douglas County, at Elk Creek, 
Curry County, and at other places, the series is represented, but far- 
ther north it has not been recognized, although it may occur in 
British Columbia (Harrison Lake) and in southern Alaska (in the 
“Kennicott formation’’). 

In its more typical sections in the Sacramento Valley the series is 
separable into three lithological divisions, lower, middle, and upper, 
in which the lower and upper divisions are made up of black”or dark- 
colored shales, many of the lower being sandy, or pebbly. The middle 
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division contains thick beds of conglomerate and sandstone, espe- 
cially toward the north, near the delta head. It is here overlapped by 
the Lower Cretaceous Shasta series. 

The materials of the conglomerates (and of the other types of 
sediment) are such as are found in the harder rock masses of the Klam- 
ath Mountains, the modern representatives of Klamathonia. Among 
these are hard siliceous cherts, quartzites, porphyrites, and other 
classes of igneous and metamorphic rocks. 

The known faunas of the Knoxville series have come mainly from 
the two distinct shale members, both of which yield fossils of late 
Jurassic age, Portlandian and Tithonian together making up not less 
than 66 species of marine invertebrates, as follows. 


Number of 
Species 
Ammonoids (Berriasella, Phylloceras, Perisphinctes, et cetera) 15 
Belemnoids (Cylindroteuthis, Belemnopsis, Acroteuthis, et cetera) 17 
Pelecypods (Aucella, Inoceramus, Nucula, Lucina, Opis, et cetera) 27 
Gastropods (Trochus, Turbo, Itieria, Cerithium, et cetera) 6 
Brachiopods (Rhynchonella) I 
Total number known to date 66 


The fauna found in the lower shales consists of various species of 
Belemnopsis and some characteristic species of Aucella, all of Port- 
landian aspect; near the top of the series (upper shales) there is a 
greater variety of types (ammonoids, belemnoids, Aucellae, et cetera) 
all of distinctly Tithonian, or of late Portlandian characters. Less 
than one-half of the distinctively Knoxville forms have yet been de- 
scribed, although some of them have been listed in earlier papers. 

No account has yet been found in the literature describing any 
body of Jurassic strata in California, or on the Pacific Coast, that is 
comparable with the Knoxville series in volume and age, as here de- 
scribed, and which constitutes one of the most important units of 
the geological column, in both volume and time. 

A final correlation of the Knoxville series with other stratigraphic 
units, or with such deposits in other regions, has not been attempted, 
although its equivalents have been described in part by Diller, Knowl- 
ton, and others, including those containing the so-called “Jurassic 
Flora of Oregon,” and probably strata found about Harrison Lake, 
British Columbia, and perhaps some portion of the “Kennicott for- 
mation” in Alaska. In other countries bordering the Pacific its equiv- 
alents will be found in the Tithonian deposits of Mexico and Argen- 
tina; and in the opposite direction, the ‘“Torinosu series” of Japan 
appears to include strata correlative with the Knoxville. 


FRANK M. ANDERSON 


BERKELEY, CALIFORNIA 
August 5, 1937 
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DISCUSSION 


GEOLOGICAL EXPLORATION BETWEEN UPPER JURUA 
RIVER, BRAZIL, AND MIDDLE 
UCAYALI RIVER, PERU 


The paper by Victor Oppenheim “Geological Exploration between Upper 
Jurua River, Brazil, and Middle Ucayali River, Pera,’ is a valuable con- 
tribution to a portion of the Upper Amazon region that had been one of its 
terrae incognitae. It extends the eastern limit of Andean structure and geol- 
ogy a considerable distance farther out into the Amazon Basin. The follow- 
ing comments and additions will serve to expand its scope and to point out 
more fully its relations to other areas of the Upper Amazon region. 

The nearest previously described areas are the Pongo de Manseriche? and 
the Pichis and Pachitea rivers,? which lie west of the Ucayali River, whereas 
the region described by Oppenheim extends some distance east of the Ucayali 
River. The same stratigraphic and structural characters described in the 
Pongo de Manseriche and along the Pachitea River are shown to extend be- 
yond the boundaries of Peru into the Brazilian Acre. 

A generalized correlation of the formations in the three areas is: 


Singewald Moran and Fyfe Oppenheim 
Arcillas Rojas 
Brown beds Capas Morenas 
Red beds Arenisca de Puca Cruzeiro Red beds 
Huacanqui sandstone Arenisca de Azucar Sungart sandstone 
Shale-limestone series Calizas de Chonta Shales and limestones 
Pongo sandstone Arenisca de Agua Caliente Méa sandstone 


The age of the Pongo-Agua Caliente-Méa sandstone is fixed by that of 
underlying and overlying fossiliferous shales and limestones. The underlying 
limestones are of Jurassic age, and the overlying beds extend down as low as 
Albian. The Pongo sandstone is Lower Cretaceous, or Neocomian in age, and 
may extend downward into uppermost Jurassic. In all three regions the up- 
per part is marked by numerous hot springs. In none of the areas described 
is the base of the formation exposed, but Moran and Fyfe found the under- 
lying limestones about 13 miles east of the Pachitea River on the Rio Ya- 
meria. In the Serra do Méa and along the Pachitea River, only the top of the 
formation is exposed. In the Pongo de Manseriche a thickness of 1,000 feet 
is exposed. Moran and Fyfe do not state the total thickness of the formation 
east of the Pachitea River, but they describe horizons of shale in the lower 
third which are 330-500 feet thick, indicating a total thickness of much more 
than 1,000 feet. 

1 Victor Oppenheim, “Geological Exploration between-Upper Jurud River, Brazil 
and Middle Ucayali River, Pera,’”’ Bull. Amer. Assoc. Petrol. Geol., Vol. 21, No. 1 
(January, 1937), pp. 97-110. 

2 Joseph T. Singewald, Jr., “Pongo de Manseriche,” Bull. Geol. Soc. America, Vol. 
38 (1927), Pp. 479-92. 

" “Geology of the Pichis and Pachitea Rivers, Perd,’’ ibid. (1928), pp. 
igh Robert M. Moran and Douglas Fyfe, ““Geologia de la Regién del Bajo Pachitea,” 
Bol. Official de la Direccién de Minas y Industrias, Aito XII, No. 41 (1933), PP. 43-54. 
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The Shale-limestone series (Calizas de Chonta) is fossiliferous. The col- 
lections by Singewald from the Pongo de Manseriche range from Albian to 
Coniacian. His collections along the Pachitea River include only Coniacian. 
Moran and Fyfe’s collections, mainly from the same locality, were deter- 
mined as Coniacian, but include forms that have been correlated as Tu- 
ronian. Their collections include beds east of the river from probably lower 
horizons. In the Pongo de Manseriche these beds have a thickness of 3,500 
feet. Along the Pachitea more than 500 feet of beds are exposed. Only the 
upper beds are exposed in the plunging anticline at Bafios and the lower beds 
are faulted out at Isla Chonta. Moran and Fyfe give the total thickness in 
this area as approximately 1,300 feet. Oppenheim found a thickness of more 
than 1,000 feet. 

Near the top of the Shale-limestone series in the Pongo de Manseriche 
is a horizon of massive sandstone which Singewald called the Huacanqui 
sandstone. He applied the same name to a prominent sandstone horizon on 
the Pachitea River well exposed in the vicinity of Bafios. Moran and Fyfe 
state that they did not encounter the Huacanqui sandstone in the Pachitea 
River area, but describe sandstone beds 500 feet thick on top of the Shale- 
limestone series which they consider the base of the Arenisca de Puca and 
call the Arenisca de Azucar. Their respective geologic maps of the Pachitea 
River show that Singewald’s Huacanqui sandstone on the Pachitea River 
and Moran and Fyfe’s Arenisca de Azucar are the same beds. At Bafios the 
white sandstone is separated from red beds by about 100 feet of lead-gray 
shale with intercalations of green-gray and blue-gray shale and thin beds of 
sandstone. For that reason the sandstone was correlated with the Huacanqui 
sandstone of the Pongo de Manseriche and considered as part of the under- 
lying group of beds. The sandstone is there, and the question raised by Moran 
and Fyfe is merely whether it and the beds immediately above it should be 
grouped with the strata below the Red beds or with the Red beds. On a litho- 
logic basis in a rapid reconnaissance, in view of the lithology at the Pongo de 
Manseriche, the former division seemed the more logical. The more detailed 
work of Moran and Fyfe may have shown that the latter is a better divi- 
sion. Oppenheim also found a horizon of white sandstones about 500 feet 
thick between red beds and the Cretaceous shales and limestones which he 
called the Sungard sandstone and considered the equivalent of the Huacan- 
qui and the Arenisca de Azucar. 

The Red beds at the Pongo de Manseriche appear to have a thickness of 
at least 4,000 feet. The complete section along the Pachitea and Pichis rivers 
is estimated by Singewald to have a thickness of 3,000 feet. Moran and Fyfe 
judge their thickness to be more than 5,000 feet. Oppenheim gives no esti- 
mate of their thickness, but their widespread occurrence in a vast area east 
of the Ucayali River indicates a thickness of the same order of magnitude. 
The base of the Red beds is Upper Cretaceous, probably beginning about at 
the top of the Coniacian. The age of the top of the Red beds is more uncer- 
tain. They are only sparingly fossiliferous and paleontological evidence is 
limited. Singewald’s collections contained late Cretaceous forms near the 
base and forms that may be as young as Miocene or Pliocene in the upper 
beds. In view of the fact that following them and preceding the late Pliocene 
Pebas beds, there occurred at least the deposition of the more than 3,000 feet 
of Brown beds and the folding of the Cordillera Oriental Miocene would 


4 
¥ 
4 


DISCUSSION 1349 


seem to be as young as the top of the Red beds could be. Without additional 
paleontological data, Moran and Fyfe consider them probably of Upper Cre- 
taceous and Lower Tertiary age. Oppenheim found fossiliferous beds at 
Aquidabam on the Jurué River overlying the Cruzeiro Red beds that were 
considered late Tertiary, most probably Pliocene, and concluded that the 
Red beds were late Cretaceous-Middle Tertiary. Oppenheim considers them, 
therefore, as not younger than Miocene. The Red beds appear, consequently, 
to include all of the Paleogene and may extend into the Neogene. 

In the Pongo de Manseriche area is a younger series of Tertiary beds of 
considerable thickness that are lithologically unlike the Brown beds of the 
Pichis-Pachitea region. The Brown beds differ from the Red beds mainly in 
color, though there are other minor lithologic differences. Three thousand 
feet of these beds are exposed along the Pichis and Azupizu rivers between 
the base at Rio Palcazu and Puerto Yessup without including the top. These 
beds are only mentioned by Moran and Fyfe as they are outside of the area 
studied by them. They apparently do not occur east of the Pachitea and 
Ucayali rivers. They are older than the folding that preceded the late Plio- 
cene Pebas beds and are probably mainly Miocene. They may extend into 
early Pliocene; and, if the top of the Red beds has been placed too young, they 
may extend into late Oligocene. 

Between the Pichis-Pachitea River area and the Serra do Méa is another 
area of uplift exposing Cretaceous rocks that is unknown in geologic litera- 
ture. It includes the Sierra de Contamana east of the Ucayali River, between 
the Ucayali and the Tapiche rivers. This range is described physiographi- 
cally by Oppenheim, but concerning its geology he merely says that it is a 
partly monoclinal type of structure with north-south faults, and that, being 
nearer the main orogenic center of the Andes, it is more intensely folded and 
fractured than the farther outlying Serra do Méa. 

East of Contamana, between the Ucayali River and the Tapiche River, 
except for the Sierra de Contamana, the terrane is underlain continuously 
by the Red beds. The Contamana Mountains have a width of about 35 
miles. They include two uplifts separated by a Red-bed valley about 7 miles 
wide. The formations exposed are the Pongo sandstone, the Cretaceous 
Shale-limestone series, and the Huacanqui sandstone. The western ridge is a 
sharply folded anticline of Pongo sandstone with a steep westerly dip and a 
more gentle easterly dip. More than 1,000 feet of Pongo sandstone are ex- 
posed. The Shale-limestone series is poorly exposed at its base on the west 
side and a ridge of low foothills marks the outcrop of the Huacanqui sand- 
stone near its top. The thickness of the series may be as much as 2,000-3,0co 
feet. On the west side of this ridge the Red beds are faulted against the Pongo 
sandstone. The eastern ridge is a broad flat uplift underlain by flat-lying 
beds of Pongo sandstone. At the western base of the ridge the beds are 
warped downward and overlain by the Shale-limestone series. A prominent 
foothill ridge marks the position of the Huacanqui sandstone near the top. 
These beds have a moderate westerly dip. At the eastern base is a zone of 
gently easterly dipping beds of the Shale-limestone series which is faulted 
down against the Pongo sandstone on its west side and in fault contact with 
the Red beds on its east side. The Cretaceous rocks of this ridge occupy an 
outcrop width of more than 20 miles, 

The Sierra de Contamana does not cross the Ucayali River at Cancha- 
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huaya, as stated by Oppenheim, but a pronounced eastward bend in the 
river just cuts into the western flank of the range. The Huacanqui sandstone 
is exposed at the river bank, and then successively inland come the Shale- 
limestone series and the Pongo sandstone. All have a steep westerly dip. 
This is the only point along the Ucayali River below the Pachitea River 
where Cretaceous rocks come to the surface. 

The report by A. Cabrera La Rosa mentioned by Oppenheim covers the 
Santiago River valley northwest of the Pongo de Manseriche‘ and constitutes 
a connecting link between these Peruvian areas and the Ecuadorean region 
described by Wasson and Sinclair® in which the geology is the same. 

In addition to the Red beds (Arenisca de Puca), Moran and Fyfe show 
on their geologic map an alluviofluvial formation called Arcillas Rojas which 
they do not discuss in the text and which is not described by Singewald and 
Oppenheim. This is a distinction well worth making, though at times difficult 
to apply. Along all of the rivers, where the terrane is flat, outcrops are 
scattered and small and limited to exposures in the banks of the streams. 
Where the streams flow through or drain Red-bed terrane, many of these 
outcrops consist of soft red clays with little or no stratification and without 
sandy intercalations to indicate bedding. It is difficult to decide whether they 
represent weathered outcrops of Red-bed shale or whether they represent 
redeposited Red-bed débris. In many instances, especially downstream where 
the flow of the rivers is less rapid, they are the latter and should be mapped 
as Arcillas Rojas and not as Red beds. 


JosepPH T. SINGEWALD, JR. 
BALTIMORE, MARYLAND 


August 30, 1937 
‘A. Cabrera La Rosa, “Notas sobre la Geograffa y Geologia del Valle del Rio 
Santiago,”’ Rev. Cien., Vol. XXV (1932), pp. 397-402. 


5 Theron Wasson and Joseph H. Sinclair, “Geological Explorations East of the 
Andes in Ecuador,” Bull. Amer. Assoc. Petrol. Geol., Vol. 11 (1927), pp. 1253-81. 


SEDIMENTATION IN BARRED BASINS, AND SOURCE ROCKS OF OIL 


The writer submits a few corrections to the paper of W. G. Woolnough 
“Sedimentation in Barred Basins, and Source Rocks of Oil,’’ appearing in the 
September issue of the Bulletin, particularly concerning that part of the paper 
which quotes Hedberg.! 

Mr. Woolnough has in some manner inverted the stratigraphic sequence 
of northwestern Venezuela. Hedberg divided the Cretaceous into an upper 
La Luna limestone series and a lower Cogollo limestone series (misspelled 
Congollo by Woolnough? in his quotation). Mr. Woolnough has this sequence 
reversed in his paper, although the error is obvious in a direct quotation from 
Hedberg which he uses on page 1138: “... the change from Congollo to 
La Luna deposition...” (italics are Wilson’s). Hence Woolnough’s hy- 


1H. D. Hedberg, “Cretaceous Limestones as Petroleum Source Rocks in North- 
western Venezuela,” Bull. Amer. Assoc. Petrol. Geol., Vol. 15, No. 3 (March, 1931), 
Pp. 229-46. 

2 W. G. Woolnouth, “Sedimentation in Barred Basins, and Source Rocks of Oil,” 
ibid., Vol. 21, No. 9 (September, 1937), p. 1137. 
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pothesis that a barred basin produced La Luna conditions which were eventu- 
ally dominated by the Cogollo sea is invalid. 

Of course, the possibility that the La Luna sediments were accumulated 
in a barred basin succeeding the Cogollo environment, and in turn succeeded 
by the Colon shale facies, remains; the writer is not sufficiently acquainted 
with the area to comment on this aspect of the question. In this connection, 
Mr. Hedberg’s reply’ to a discussion of his paper by R. A. Liddle is of interest. 

. .. it should be noticed that the same formation [La Luna] in essentially similar 
development is known in Colombia (the Villeta formation) and in Eastern Venezuela 
(the Guayuta formation). The distinctive character of the rock is thus not the product 
of any particular local environment, but is the result of conditions of deposition which 
must have prevailed during a part of the Cretaceous throughout much of northern 
South America and possibly neighboring regions for a sufficient length of time to permit 
the deposition of from 500 to 3,000 feet of limestone. 

Tuomas C, WILson 
ZANESVILLE, OnIO 
September 19, 1937 


3H. D. Hedberg, “ ‘Cretaceous Limestone as a Petroleum Source Rock in North- 
western Venezuela.’ Reply to Discussion by R. A. Liddle,” Bull. Amer. Assoc. Petrol. 
Geol., Vol. 15, No. 4 (April, 1931), p. 477. 
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REVIEWS AND NEW PUBLICATIONS 


Essentials of Engineering Astronomy. By Jerry H. Service. Prentice-Hall, 

New York (1937). xv + 167 pp., 33 figs. $2.50. 

This is a clearly written text offering a combination of theory and 
practice for the ordinary surveyor. The author says at the outset, “This 
book is not addressed to geodetic engineers .. . [but] has been written for 
the reader who has available only a good transit and a good watch.” 

The introductory chapter, a bit unusual for a book of this type but an 
excellent thing, is a brief, well written, and remarkably comprehensive de- 
scription of our solar system and stellar galaxy. 

Development of the fundamental formulas relating to the spherical tri- 
angle are omitted, but the list of formulas given is adequate and more ex- 
tensive than in most texts of this type. Actual working formulas for the 
astronomical triangle (in terms of azimuth, latitude, hour angle, and altitude) 
are derived from the fundamental formulas when needed. 

Part I, on “Fundamentals,” besides including the topics mentioned, deals 
with the theoretical aspects of coérdinate systems on the celestial sphere and 
derives formulas for the usual problems of determination of time, azimuth, 
latitude, and longitude, and the errors in observed altitudes. Problems of 
time and longitude are explained only by diagrams that are not easily 
understood. 

Part II has an opening chapter on star identification designed to teach 
one ignorant of the constellations how to identify the brighter stars whose 
positions are given in the American Ephemeris. Except for the last three 
chapters on the striding level, solar attachments, the sextant, determina- 
tion of position at sea, and the computing machine, this part consists mainly 
of reproduction of sample records of observations and ruled blank forms 
showing how to record observations. Twenty-six pages in the book are taken 
up with this type of illustration. 

The book is profusely illustrated with diagrams, only about 100 pages 
being devoted to reading matter. The major part of the instruction is given 
by citing special examples rather than by general explanation. 


J. O. HassLer 
UNIVERSITY OF OKLAHOMA 
NorMAN, OKLAHOMA 
July 21, 1937 


Natural Gas in Eastern Kentucky. By WILLARD ROUSE JILLSON. 237 pp. Illus. 
Standard Printing Company, Louisville, Kentucky (1937). 


This book was prepared as a companion volume to Natural Gas in Western 
Kentucky, by the same author, but failed of publication by the Kentucky 
Geological Survey because of abolishment in 1932. It is written primarily 
for “operators, landowners, and others interested in the natural gas industry 
in Kentucky.” Each field is named and treated separately as to location, de- 
velopment, production, history, ownership, pipe lines, operating companies, 
markets, geology, and well records. In addition, there is a small sketch map 
showing the geographical outline and position of each field with pipe lines, 
limiting wells, and outlying gas wells. 
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Geological descriptions are mostly concerned with the topography and 
stratigraphic position of the producing zones rather than the relationship of 
the reservoirs to structure or detailed descriptions of the structures. How- 
ever, for many of the fields the author gives a brief description of the surface 
structure and occasionally of the subsurface. No columnar or stratigraphic 
sections are presented. From a geological standpoint, it is rather disappoint- 
ing that all structural maps could not have been assembled to accompany 
the volume, as the author points out that most of such maps are available, 
having been issued by the Kentucky Geological Survey from time to time. 
However, the purpose of the volume would not necessarily include such 
maps, and the references with scale et cetera are clearly set out at the begin- 
ning of each field description. 

The volume is most interesting from a statistical standpoint, particularly 
production data pertaining to the fields. The author states that the “Black 
shale” is the chief gas-producing zone, but does not stress the shooting of 
this zone, without which, according to other authorities, ‘‘the ‘Brown shale’ 
of Devonian age would be a non-commercial horizon on the eastern flank of 
the Cincinnati arch in Kentucky.”! Reserves are not discussed separately, 
but in Chapter I a general idea of reserves is given. Gas analyses are treated 
in the same fashion. A bibliography and index are welcome adjuncts and 
greatly simplify references to contained data. 

The author concludes that “natural gas development in this area will 
never again equal that of the years of great expansion—1928 to 1930.” 

To anyone interested in the gas industry of eastern Kentucky this book 
should be indispensable. 

H. C. ARNOLD 
Tutsa, OKLAHOMA 
July 26, 1937 


Petroleum Development and Technology—1937. By the Petroleum Division. 
Trans. Amer. Inst. Min. Met. Eng., Vol. 123. 689 pp., illus. Published by 
the Institute, 29 West 39th Street, New York City. Price, $5.00. 

This annual publication for 1937 contains the papers and discussions 
presented before the Division of Petroleum at Los Angeles, California, Octo- 
ber 1 and 2, Fort Worth, Texas, October 8 and 9, 1936, and at New York, 
February 15-19, 1937. A few papers which have appeared in technical jour- 
nals are listed by title with reference to the particular publications wherein 
they may be found. The usual high standard for the material and its pres- 
entation has been maintained. Geologists will find papers of particular value 
according to their present and possible future work in the industry, and also 
according to their interest in subjects more remotely connected with their 
duties. The volume stands as a fair record of industrial thought and action 
during the past year. . 

Chapter I, “‘Production Engineering,’ 6 papers, 54 pages: “Sucker-Rod 
Pump as a Problem in Elasticity”; “Determination of Fluid Level in Oil 
Wells by the Pressure-Wave Echo Method’; “‘Use of Data on the Build-Up 
of Bottom-Hole Pressures”; ‘Influence of Production Practices on Gravity 
of Produced Oil”; “Bibliography on Acid Treatment of Oil Wells”; ‘“‘Recent 


1 Coleman D. Hunter, “Natural Gas in Eastern Kentucky,” Geology of Natural 
Gas (Amer. Assoc, Petrol. Geol., 1935), pp. 915-47. 
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Developments Related to Petroleum Engineering.’’ Geologists who have 
been assigned problems in bottom-hole pressure determinations will find 
interest in the paper on that subject. 

Chapter IT, “Production Engineering Research,” 4 papers, 64 pages: “Flow 
of Gas-Liquid Mixtures through Sands;” “Oil-Well Behavior Based upon 
Subsurface Pressures and Production Data’’; “Productivity Index”; ‘“‘Ex- 
periments on Flow of Fluids through Sands.” If one is interested in the be- 
havior of gas-liquid mixtures the first of these papers should not be avoided 
because of some formidable mathematical equations. The text alone is worth 
the reading. Bottom-hole pressure studies again appear in this group of papers. 

Chapter III, ‘‘Stabilization,’”’ 6 papers, 84 pages: ‘‘Can the Rule of Cap- 
ture be Rationalized?”’; ‘‘Governmental Regulation of Oil Production’; 
“Economics and Well Spacing in Texas”; ‘Acreage and Potential Factors in 
Allocation”; ““Coéperative Development Plan for Buena Vista Hills Oil and 
Gas Field, Kern County”; ‘““Review of Developments at Kettleman Hills.” 
The first two papers here are of exceptional interest to many geologists. 

Chapter IV, “Petroleum Economics,’’ 8 papers, 74 pages: “Status and 
Outlook of Petroleum’; ‘Chronological Aspects of American Oil-Reserve 
Replenishment’’; ‘‘Réle of Price in the Functioning of Proration’’; “Various 
Aspects of Oil-Stock Prices’; ‘Future Demand for California Petroleum 
Products”; “Future Supply of Oil in California”; ‘Developments in Petro- 
leum Marketing”; ‘“World Consumption of Petroleum Products.”’ The sec- 
ond and third of these papers brings out some logical ideas which are prob- 
ably new to many geologists. The last of this list contains statistics of general 
interest. 

Chapter V, “Production.” This chapter contains 30 papers, 262 pages, on 
domestic production, and 21 papers, 104 pages, on foreign production. Statis- 
tics for the most important fields of the world are therein presented. If a 
geologist feels that he is not up to date in his knowledge of other regions he 
here has an opportunity of becoming so with little effort. 

_ Chapter VI, ‘‘Petroleum Engineering Education,” 3 papers, 20 pages: 
“Problems and Objectives of Petroleum Engineering Education”; ‘“‘Petro- 
leum Engineering Education”; ““Combination Field Work and Class Work.” 
Perhaps every petroleum geologist has ideas as to what a petroleum en- 
gineer ought to study in college. These papers reveal some of the difficulties 
encountered in the teaching profession. 

Chapter VII, “Refining,” 1 paper, 4 pages: ‘“‘Developments in Refinery 
Engineering in 1936.” But few geologists attempt to follow activities in 
refining. 

The present volume and all its predecessors constitute an essential set in 
the library of active geologists in petroleum. 

STANLEY C. HEROLD 


Los ANGELES, CALIFORNIA 
September 1, 1937 


Geology and Oil Resources of the Bradford Field, Pennsylvania and New York. 
By CuHartes R. FEtTTKE, Pennsylvania Geol. Survey Bull. 116 (May, 
1937). 13 pp., 5 maps and pls. Distributed free. 


This is a brief preliminary report. The complete report of 600 pages and 
40 plates and more than roo figures should be available late this year. 
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In 1934 Bradford field ranked eighth among the major oil fields of the 
United States in total oil produced. It is exceeded in continuous productive 
area only by the East Texas field. Between 1871 and 1936 it yielded more 
than 352 million barrels of oil and an ultimate yield of half a billion or more 
barrels is anticipated. The field has gained added distinction as the “‘experi- 
mental home” of the controlled water-drive method of secondary recovery. 

About one-third of the paper is devoted to a description of the geology 
of the Bradford region, one-third to a discussion of the Bradford Third sand 
and the Bradford oil pool, and one-third to a quantitative consideration of 
methods and results of water flooding. 

Mention of the stratigraphy, although brief, includes pertinent data on 
the oil sands of Bradford pool and on their correlation with the sands of 
adjacent regions. Surface structure is shown by s50-foot contours on the 
base of Olean conglomerate; subsurface structure by 10-foot contours on 
the top of Bradford Third sand. 

Characteristics of Bradford Third sand are summarized in some detail. 
Form and limits of the sand body, lateral and vertical variation within it, 
its petrography, and the probable conditions attending its deposition are 
discussed. A selected section with porosity and permeability profile of the 
sand is included. 

Stratigraphic and structural influence on accumulation in the Bradford 
pool is considered briefly ; most attention is directed toward a detailed quanti- 
tative analysis of the oil content of Bradford Third sand. Probable values for 
original oil content of sand, oil produced by natural methods, and oil obtained 
and obtainable by present flooding practice are arrived at. 

The pages devoted to methods and results of water flooding are of more 
than local interest. ‘“Methods’”’ are mentioned very briefly; ‘‘results’’ are pre- 
sented by tabulating, for 29 specific examples, critical data such as well 
spacing, sand thickness, pressures, oil recovery, oil-water ratios, ef cetera. 
The table serves as the basis for a rather comprehensive discussion of critical 
factors in water-flood practice. 

This paper is designed for the use of the man who is only moderately 
interested in the geology of the area and in the practice of water flooding. It 
is essentially an abstract of the much more comprehensive and better illus- 
trated publication that will follow. Bradford field has been the laboratory 
for experimentation in developing the water-flood method of oil recovery. 
Dr. Fettke, throughout a period of 10 years, has critically observed and care- 
fully analyzed and recorded that development. His record should be of value 
wherever water flooding is practiced or contemplated. 


STANLEY H. CATHCART 
HARRISBURG, PENNSYLVANIA 


August, 1937 


Der Abbau der Gebirge (The ““Down-Building’”’ of Mountains). By Ernst 
Kraus. Band 1, Der alpine Bauplan. 352 pp., 8 structure sections, a 
tectonic map, 57 text figures. Gebriider Borntraeger (Berlin, 1936). 
Price: RM 30; cloth, RM 32.20. 


As commonly used, the word ‘“‘Abbau’’ means ‘‘denudation,”’ but Pro- 
fessor Kraus takes it in a double sense. Remotely, he intends to suggest the 
ordinary meaning but more directly he refers to the fact that, in his opinion, 
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mountain structure is formed deep below the surface during a process that 
involves sinking of a belt of the earth’s crust and downward flow of sub- 
crustal matter. 

Three concepts, according to Professor Kraus, must be understood and 
appreciated by anyone who would comprehend the genesis of the Alps. 

First, each section across the range shows two Narben (“scars”) or Schei- 
teln (‘‘partings’’). These may be recognized as the belts or lines toward which, 
in general, strata, nappes, and thrusts all dip from both sides. Since there are 
two of these partings on each Alpine cross section, the Alps are not—as most 
geologists suppose—a single ‘‘orogen” but a double ‘“‘orogen.”’ Second, these 
partings are not zones of roots, but belts of sinking, where downward cur- 
rents of magma have been active and have dragged in and partly engulfed 
sheets of rock from adjacent areas. This interpretation is said to be corrob- 
orated by the fact that the partings have, in general, masses of young rocks 
along them, instead of old rocks, as a zone of roots should have. Thus, the 
nappes have not risen from the belts of “‘parting,’’ but have been dragged 
toward and into them from the sides. 

Third, and of most fundamental importance, the cause of mountain- 
building, as previous paragraphs have already indicated, is subcrustal flow- 
age. The partings, being belts of downflow, are zones of negative gravity 
anomalies, because of the masses of light rock that have been pressed down 
into the crust. The downward current causes an inflow of magma from the 
sides, which drags along the crustal material above it, and piles up as nappes 
the sheets of cooler material nearest the surface. 

Many features of Professor Kraus’ orogenic theory are excellently illus- 
trated in his Figure 53, a diagram showing the four stages of the orogenic 
cycle: (1) the pre-orogenic geosynclinal stage, with sinking salsima beneath 
the geosyncline and a correlated rise and inward movement of the bordering 
continental masses; (2) the hyporogenic stage, with differentiation of the sal- 
sima, folding of the geosynclinal sediments and of an upper shell of the under- 
lying salsima, with ophiolitic intrusions into both and into the margins of 
the basin; (3) the epiorogenic (not epeirogenic) stage, with isostatic rise of 
the central folded mass of geosynclinal materials, foredeep formation along 
the inner margins of the bounding continental areas, and the beginning of 
molasse deposition in the foredeeps; and (4) the post-orogenic stage, with sal 
and sima quiescent, foredeeps filling up, and the isostatically raised mountain 
mass undergoing erosional denudation. 

Another exceptionally interesting feature of Professor Kraus’ book is the 
series of 8 structure sections, partly colored, scale 1:300,000, across the Alps. 
The first one runs from Bas-Dauphiné to Turin, the eighth from the south 
margin of the Bohemian mass southwesterly to a point near the north edge 
of the folded belt along the upper Save. The others are spaced fairly evenly 
between these two. The greater part of the text (pages 5 to 291) is given over 
to a description and interpretation of the geology along the lines of these 
sections. The tectonic map, also partly colored, illustrates the areal relations 
of the major features displayed in the sections. 

The Kraus concept of orogeny owes much, as the author states, to Am- 
pferer and Schwinner, and also has resemblances to the ‘‘buckling hypothesis” 
of Vening Meinesz and the “‘undation theory” of van Bemmelen. Many other 
geologists have invoked the aid of subcrustal magma transfer in their at- 
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tempts to explain mountain building. The volume under review constitutes 
an elaborate attempt to bring the phenomena of the Alps into harmony 
with the Kraus version of this theory. Of the success of the attempt, only 
geologists thoroughly familiar with Alpine geography and geology might 
hope to judge. In future volumes the author plans to develop the theory in 
relation to some other mountains of the world; a procedure that may better 
enable non-Alpine geologists to judge of its merits. 

In his choice of terms Professor Kraus does to some extent what geolo- 
gists often recommend to one another—he replaces technical terms like 
“palaogeographisch” by non-technical terms, like “‘vorzeiterdkundlich.” 
Even though the less technical terms are occasionally followed parentheti- 
cally by their technical equivalents, the results of the attempt, so far as 
foreign readers are concerned, are simply to give his text a strange appear- 
ance and make it a little less easy to read. 


R. D. REED 
Los ANGELES, CALIFORNIA 


August 23, 1937 


Geotektonische Forschungen. Edited by H. St1tteE and FR. Lorze. No. 1: “Zur 
germanotypen Tektonik I’”’ (Geotectonic Research. No. 1: German Type 
Tectonics I). By H. Sritze, Fr. Lorze, E. Lemxe, H. J. MARTINI. 123 
pp., 78 figs., 8 pls. Gebriider Borntraeger (1937). Subscription price: if 
No. 1 and 3 subsequent numbers are ordered, RM 6.70 each. Foreign 
discount. 


This book is the first of a series of monographs on structural topics by 
members of Professor Stille’s able school of geologists. Preceded by two brief 
introductory chapters by Stille and Fr. Lotze, this volume presents detailed 
descriptions and discussions of two disturbed belts within the large Permian- 
Mesozoic area that lies east and northeast of the Rhenish Slate Mountains. 
The peculiar fault zones, folds, upthrusts, and graben structures of this area, 
due, in part, to ‘“‘salt tectonics,” have been discussed in several articles in this 
Bulletin. The structural features of this part of Germany are of special sig- 
nificance in view of the similar problems in other regions where salt-bearing 
formations are assumed, or known, to occur. 

In the paper, “Structure of the Area between Vogelsberg and Rhén,” 
E. Lemke discusses the structural geology of an area of about 1,250 square 
miles, located about 65 miles northeast of Frankfort-on-the-Main. Detailed 
work covers selected areas aggregating some 154 square miles. The flat 
Mesozoic strata are here traversed by a discontinuous, disturbed, en échelon 
belt of graben structures, trending northwest and southeast, about 25 miles 
long, and 2 miles wide. In plan, the belt is slightly arcuate, convex toward the 
southwest. Perpendicular to the arc, other graben and fracture belts strike 
northeast and southwest, the easternmost striking more nearly north-north- 
east and south-southwest. 

Two stages in the development of the graben structures (in late Juras- 
sic time) are recognized. During the earlier one, the belts were dropped along 
normal faults, due to crustal distension. In the second stage, however, the 
northwest striking troughs, in contrast to the others, have been compressed, 
whereby the internal structure of this group has been modified. Thus, margi- 
nal and internal normal faults which dipped toward the graben were bent 
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and steepened, especially along the northeast border, and from here the sur- 
rounding Triassic rocks have been thrust over the graben rim, along north- 
eastward dipping reverse faults. Overthrusts on a smaller scale occur within 
the graben, especially along the borders of local horsts that split the graben 
into several troughs. 

The second paper, “Crustal Blocks and Graben Structures between 
Habichtswald and Rhenish Slate Mountains,” by H. J. Martini, describes 
similar structures in an area about 50 miles north-northwest of the former. 
This district lies closer to the eastern border of the Slate Mountains, and 
where graben zones of west-northwesterly strike, like the large Kassel gra- 
ben, approach the old mountain mass, they bend through northwest-south- 
east to north-northwest directions. In this border zone faults and graben 
zones of north-northeast strike transect the other dislocations, causing 
structural complications of considerable complexity. Martini holds, as does 
Lemke, that graben zones of northeast, or north-northeast, strike have de- 
veloped as, and remained, purely distensional structures, whereas the north- 
west trending zones have been laterally compressed during a later stage. The 
following facts support this view. 1. The Mesozoic strata within the north- 
west striking zones are commonly folded, and overturned southwest; the 
northeast border of a graben tends to override the graben. 2. The north- 
northeast striking graben zones have been distended up to 645 feet, but show 
greater downthrow (up to 1,200 feet), and no internal folds; whereas the 
northwest striking Kassel graben has a maximum downthrow of 2,600 feet, 
and a maximum shortening of 3,570 feet. 3. In another graben system, trend- 
ing north-northwest, the distension just about equals the downdrop, and 
there is no evidence of appreciable lateral compression. 4. Fractures striking 
northeast or north-northeast, have remained open, like tension joints, whereas 
other systems striking more or less perpendicular to this, have been closed 
after an initial period of gaping. 

Elements of special interest are horsts of soft gypsiferous Triassic beds 
within the Kassel graben, the tops of which bend outward over adjacent por- 
tions of the graben, along several reverse faults that dip into the horst. The 
extent to which Permian salt below the Triassic strata may have guided the 
movements in the entire region, is not exactly known, nor is it clear why, 
during the first deformational stage, graben zones in the northwest-south- 
east could open. At one point along the northeast border of the Kassel gra- 
ben salt does break to the surface, rising at least 1,800 feet, but in general 
the authors do not consider salt tectonics of prime importance in their re- 
spective areas. 

A wealth of field observations is presented in 58 text figures and 8 plates, 
consisting of colored areal maps, 70 cross sections, structure maps of individ- 
ual outcrops, and fault and joint maps (one author has measured 4,200 joints 
in an area of about 50 square miles). Many other structural problems are 
dealt with, for example, time relations between the various groups of faults 
of different strike; the relations between local joint systems, and faults; the 
degree to which folds indicate horizontal shortening, or downward sagging 
of blocks; quantitative relations between distension, lowering, and compres- 
sion of graben zones; the posthumous deformation of the region, with special 
reference to fractures filled by post-Oligocene basalts, and others. Although 
the text could probably have been condensed considerably, the style is 
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relatively easy. Foreign readers will do well to remember, however, that 
German writers commonly substitute names of mountain ranges for geo- 
graphic directions. For instance, the terms, “erzgebirgisch,” ‘‘variszisch,”’ 
“antihercynisch,”’ and “‘antieggisch,’”’ all mean, essentially northeast-south- 
west; “hercynisch” and ‘“‘eggisch’? mean northwest-southeast and north- 
northwest-south-southeast, respectively; ‘“‘rheinisch’’ means north-northeast- 
south-southwest. The use of the term, steep (‘‘steil’”’), for north-south strike, 
and of the term, flat (“‘flach’’), for east-west strike, is confusing, and the use 
of the word, ‘“‘decke,” for a thrust slice, 336 feet wide, seems inadvisable. 

The manner in which normal and reverse faults, as well as folds, accom- 
pany the borders of the sunken graben zones, resembles strikingly the similar 
structures along the borders of many western United States uplifts; the 
transverse normal faults in one graben (pp. 86-87) have their analogs in the 
familiar cross-faults of several Wyoming and California oil domes, and are 
interpreted in the same manner. Numerous folds within another graben 
have their axes at an acute angle to the strike of the graben, reminding one 
of Coast Range folds, on a diminutive scale. 

The methods of work employed by the authors in dealing with a multi- 
tude of structural problems, will stimulate and appeal to many readers. 
This first memoir sets a high standard for the subsequent issues in the series, 
and students of structural problems may look forward to them with eager- 
ness. 

R. BALK 
Mount Hotyoxke 


SoutH HapLEy, MASSACHUSETTS 
September 6, 1937 


The Geology of Texas. Volume III. “Upper Paleozoic Ammonites in Texas.” 
By F. B. Ptummer and Gay Le Scorr. “Permian Fusulinidae of Texas.” 
By Cart O. DunBAR and JoHn W. SKINNER. 825 pp., 97 figs., 81 pls. 
Univ. Texas Bull. 3701 (July, 1937). Bureau of Economic Geology, Aus- 
tin. Price, cloth, $4.00. 


This publication is the third volume of a series being issued by the 
Bureau of Economic Geology on the geology of Texas. The first volume, 
“Stratigraphy of Texas,’”’ was published in 1933; the second volume, “‘Struc- 
tural and Economic Geology of Texas,” was published in 1935. Other volumes 
in this series will be published in the future. Volume IV, now in preparation, 
treats of the “‘Petroleum Resources of Texas.” 

The present volume is in two parts, as follows: Part 1, Ammonites of the 
Late Paleozoic of Texas; and Part 2, Permian Fusulinidae of Texas. 

Part 1, by Plummer and Scott, is an exhaustive monograph on the am- 
monites of the Mississippian, Pennsylvanian, and Permian of Texas. The 
previous work on these ammonites is evaluated, the-method of description 
is given in detail, a chapter on classification is included, and the various 
zones are worked out for the sections in various parts of Texas, including the 
north-central Texas area, the Marathon area, and the Delaware and Guada- 
lupe Mountain area. 

Three hundred and thirty pages, 71 figures, and 41 plates are devoted to 
the description of Texas Carboniferous ammonites. This includes 7 clans, 28 
families, 70 genera, and 139 species. 
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The systematic description is followed by a section on correlation of 
Texas formations by means of ammonites, in which the relative value of the 
various ammonites as zone markers is discussed, and the importance of 
using assemblages rather than individuals for the correlation of zones is 
stressed. Of the larger fossils, ammonites are the best and the easiest to use 
for zoning the Carboniferous because of their rapid evolution and conse- 
quently short range for most species. 

Finally 94 ammonites localities of the state are listed, and a bibliog- 
raphy of 268 works on ammonites is given. 

Part 2, by Dunbar and Skinner, is an equally exhaustive monograph on 
the Permian Fusulinidae of Texas. A thorough discussion of how to measure 
and record shell features is given in which it is stressed that a uniform method 
of recording these features should be followed. A chapter is devoted to the 
morphology of the shell wall and another to the synopsis of the subfamilies 
and genera of the Fusulinidae, which is probably the only complete synopsis 
under one cover. 

The systematic description of Texas Fusulinidae is accomplished in 103 
pages of text and 4o plates and covers 11 genera and 57 species. Following 
this is a check list covering the 38 genera and 540 species described from all 
over the world up to the time this work went to press. Two hundred and ten 
fossil localities are listed, and an approximately complete bibliography of 
176 works containing either descriptive or taxonomic discussions is given. 

The value of the Fusulinidae for correlation purposes in the Permian is 
probably unsurpassed by any other group. These forms evolved rapidly and 
consequently are excellent for zoning purposes and, furthermore, are small 
and numerous, making them excellent for subsurface correlation in borings. 

This publication, like the preceding volumes of this series, shows excel- 
lent press work. The plates illustrating the fossils are all of the highest grade 
heliotype engraving. The paper used in the text, although of excellent 
quality, is light weight, English finish book paper 40, so that the volume, 
although containing over 800 pages in addition to the plates, is not bulky. 

Aid in the completion of this volume is acknowledged in the preface 
by E. H. Sellards, director of the Bureau, to several sources. In connection 
with Group Study te Establish More Satisfactory Criteria for the Strati- 
graphic Correlation of Mississippian, Pennsylvanian, and Permian Sedi- 
ments in the Texas Region, a contribution was made by the Geological So- 
ciety of America from the Penrose Fund to The University of Texas, Grant 
44-33, a part of which has been applied toward the completion of the memoir 
on ammonites. In 1930 there was established at The University of Texas, 
through donation by William F. Morse and others, the Paul Franklin Morse 
Memorial Publication Fund, honoring the memory of Paul Franklin Morse. 
The cost of engraving the plates of the memoir on fusulinids has been paid 
from this fund. 

This volume should be a welcome addition to the library of every geolo- 
gist and paleontologist working in the Carboniferous of America as well as 
to those interested in world-wide correlations. 


V. E. BARNES 


Austin, TEXAS 
August 9, 1937 
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RECENT PUBLICATIONS 
ARGENTINA 


*Algunas observaciones preliminares sobre los ‘Estratos de Malargiie’ ’ 
(Notes on Malargue Beds), by Paulina Miihlmann. Bol. de Inform. Petroleras 
(Buenos Aires, May, 1937), pp. 43-56; index map, 7 ey including 
6 photomicrographs, and folded correlation table. 

*“Tas investigaciones geolégicas de Y.P.F. en la de Mendoza 

| y algunos problemas de estratigrafia regional’ (Geological Research of the 
“Government Oil Fields” in Mendoza Province and Problems of Regional 
Stratigraphy), by Enrique Fossa-Mancini. Bol. Inform. Petrol. (Buenos 
Aires), Vol. 14, No. 154 (June, 1937), pp. 51-118; 18 figs. 


ARKANSAS 


“Fossil Flora of the Wedington Sandstone Member of the Fayetteville 
{ Shale,” by David White. U. S. Geol. Survey Prof. Paper 186-B (1937), pp. 
’ 13-41, Pls. 4-9. For sale by Supt. Documents, Govt. Printing Office, Wash- 
ington, D. C. Price, $0.10. 


BRAZIL 


*“Trabalhos geophysicos Applicagdes dos Methodos electricos’” (Ap- 
plied Electrical Methods), by Mark C. Malamphy, H. Capper A. de Souza, 
Irnack C. do Amaral, and Decio S. Oddone. Servico Geol. Min. Bol. 81 (Rio 
de Janeiro, 1937). 51 pp., 31 figs. 

CUBA 


“Nuevas especies de foraminiferos del Eocene de Cuba” (New Species of 
Foraminifera of the Eocene of Cuba), by Pedro J. Bermiidez. Memorias de la 
Sociedad Cubana de Historia Natural, Vol. 11, No. 3 (University of Havana, 
July 10, 1937), pp. 137-50; 4 pls. of fossils. 
“Estudio micropaleontologico de dos formaciones Eocenicas de las Cer- 
canias de la Habana,” by Pedro J. Bermidez. [bid., pp. 153-80. 


EAST INDIES 


| * “The Negative Isostatic Anomalies in the East Indies (with Experi- 
ments),’”’ by Ph. H. Kuenen. Leidsche Geol. Mededeelingen, Deel 8, Aflevering 
2 (Rijksmuseum van Geologie en Mineralogie, Leiden, Holland, June, 1937), 
Pp. 169-214; 24 figs. 

ENGLAND 


* “The Carboniferous Limestone (Avonian) Rocks of the Bristol Coal- 
field,’”’ by S. H. Reynolds. Proc. Geol. Assoc., Vol. 48, Pt. 2 (London, July 29, 
1987); Pp. 115-30; 1 pl. 

* “The Lower Lias of South Nottinghamshire,” - P. E. Kent. Ibid., pp. 
163-74; I fig. 

* “The Occurrence of Nummulites planulatus in England, with a Revised 
Correlation of the Strata Containing It,’’ by Arthur Wrigley and Arthur G. 
Davis. Ibid., pp. 201-28; 3 figs., 2 pls. Contains correlation chart of Eocene 
and Oligocene strata of Anglo-Franco-Belgian basins. 
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GENERAL 


Petrolewm Technology in 1936. A comprehensive review of recent develop- 
ments containing more than 2,200 references to publications on petroleum 
and cognate subjects. 326 pp., 8 illus. Among the 25 articles the following may 
be mentioned. “‘Geology of Petroleum,”’ by G. D. Hobson, 7 pp.; ‘‘Regional 
Geology and Development,” by S. E. Coomber, 10 pp.; ““Geophysics,” by H. 
Shaw, 13 pp.; “Production,” by L. V. W. Clark, 11 pp.; “Drilling,” by L. V. W. 
Clark, 8 pp.; “Petroleum Literature,” by Winifred S. E. Clark, 14 pp.; 
“Petroleum Statistics,’ by S. J. Astbury, 10 pp. Published by the Institution 
of Petroleum Technologists, Aldine House, Bedford Street, Strand, London, 
W.C. 2. Price, clothbound, postfree, 7s. 6d. 

“Additions to Some Fossil Floras of the Western United States,’’ by 
R. W. Brown. U.S. Geol. Survey Prof. Paper 186-J (1937), pp. 163-206; Pls. 
45-63. Supt. Documents, Govt. Printing Office, Washington, D.C. Price, 
$0.20. 


GEOPHYSICS 


* “Some Graphical Solutions in Torsion-Balance Prospecting,’ by V. 
Gavrilovich Gabriel. Reprint from Beitraége zur angewandten Geophysik (Ber- 
lin), Bd. 7, Heft 1 (1937), pp. 39-48; 2 figs. 

“Geophysical Abstracts 87, July-December, 1936,” by W. Ayvazoglou. 
U.S. Geol. Survey Bull. 887 (1937). 98 pp. Supt. Documents, Govt. Printing 
Office, Washington, D.C. Price, $0.15. 


MINNESOTA 


* “Geology of Western Minnesota: Traverse, Bigstone Counties,’ by 
George A. Thiel. Oil and Gas Jour. (August 19, 1937), pp. 26-27; 1 fig. 


PATAGONIA 


*“Upper Cretaceous Plants from Patagonia,” by Edward W. Berry. 
Science (Lancaster, Pennsylvania), Vol. 86, No. 2227 (September 3, 1937), 
Ppp. 221-22. 

PENNSYLVANIA 


* “Subsurface Waters of the Bradford Field,’’ by Charles E. Fettke. Oil 
and Gas Jour. (Tulsa, August 12, 1937), pp. 49-53. 

* “Mechanics of Water-Flooding; Evolution of the Practice in Bradford.” 
Ibid. (August 19, 1937), pp. 32-36; 2 figs. 

* “Relation of Production of Oil by Water-Flooding to the Physical 
Characteristics of Sand.” Jbid. (August 26, 1937), pp. 48-50. | 


TEXAS 


* Oil Weekly (Houston, August 30, 1937). South Texas Number. Contains 
folded insert map, in colors, of Rio Grande Embayment, South Texas and 
Northeast Mexico, showing oil and gas fields and prospective territory. The 
base map was prepared for the Darby Petroleum Corporation by Harry H. 
Nowlan and Rae Preece. 

“A Redescription of Ferdinand Roemer’s Paleozoic Types from Texas,” 
by Josiah Bridge and George H. Girty. U. S. Geol. Survey Prof. Paper 186-M 
(1937), PP. 239-71, Pls. 66-70. Supt. Documents, Govt. Printing Office, 
Washington, D.C. Price, $0.10. 
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TURKEY 


* “Turkey and Petroleum,” by C. E. Tashman. Maden Tetkik ve Arama, 
Enstitiisii Yayimi (Ankara, Turkey), Sene 2, Sayi 3 (Temmuz, 1937), pp. 
13-15. Summary of geological investigations and drilling activity for oil from 
1897 to 1936. 


VENEZUELA 


* “El Petroleo en Venezuela’ (Petroleum in Venezuela), by Enrique 
Leupold. Bol. Inform. Petrol. (Buenos Aires), Vol. 14, No. 154 (June, 1937), 
pp. 9-50, illus. 


ASSOCIATION DIVISION OF PALEONTOLOGY 
AND MINERALOGY 


* Journal of Paleontology (Tulsa, Oklahoma), Vol. 11, No. 6 (September, 
1937). 

“Gastropods of the Family Epitoniidae from Mesozoic and Cenozoic 
Rocks of the West Coast of North America, Including One New Species by 
F. E. Turner and One by R. A. Bramkamp,” by J. Wyatt Durham. 

“Eocene Species of the Genera Bulimina and Buliminella from Cuba,” 
by F. L. Parker and P. J. Bermudez. 

“The Lepidocyclina texana Horizon in the Heterostegina Zone, Upper 
Oligocene, of Texas and Louisiana,” by Donald W. Gravell and Marcus A. 
Hanna. 
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THE ASSOCIATION ROUND TABLE 


MEMBERSHIP APPLICATIONS APPROVED FOR PUBLICATION 


The executive committee has approved for publication the names of the 
following candidates for membership in the Association. This does not con- 
stitute an election, but places the names before the membership at large. If 
any member has information bearing on the qualifications of these nominees, 
he should send it promptly to the Executive Committee, Box 979, Tulsa, 
Oklahoma. (Names of sponsors are placed beneath the name of each nom- 
inee.) 

FOR ACTIVE MEMBERSHIP 


Raymond C. Becker, Shreveport, La. 

Carroll H. Wegemann, Hugh D. Miser, Arthur A. Baker 
L. E. J. Brouwer, Babo, New Guinea, N.E.I. 

Carl St. J. Bremner, Gustav Frischknecht, Norman E. Weisbord 
Herschal Cevera Ferguson, Houston, Tex. 

W. A. Reiter, Wallace C. Thompson, A. P. Allison 
Jess H. Hengst, Tulsa, Okla. 

N. W. Bass, T. F. Newman, William W. Henry 
Jack Hirsch, Mattoon, Ill. 

W. C. Kneale, A. A. Baker, C. H. Behre, Jr. 
George Brooks Somers, Dallas, Tex. 

W. G. Saville, Henry C. Cortes, Jack C. Pollard 
Edward Langdon Tullis, Rapid City, S. Dak. 

J. Harlan Johnson, F. M. Van Tuyl, Ben H. Parker 


FOR ASSOCIATE MEMBERSHIP 


Heli Badoux, Deir-ez-Zor, Syria 

F. E. Wellings, N. E. Baker, F. R. S. Henson 
Lawrence J. Beckmann, Maracaibo, Venezuela, S.A. 

E. S. Neal, J. L. Kalb, E. F. Schramm 
Richard Vernon Browne, Deir-ez-Zor, Syria 

F. E. Wellings, N. E. Baker, F. R. S. Henson 
Frank Roy Denton, Tyler, Tex. 

E. A. Wendlandt, Fred Brasted, Jr., R. B. Mitchell 
Allen Ehlers, Medicine Lodge, Kan. 

C. F. Bassett, R. L. Belknap, Vincent Evans 
John Evanoff, Caracas, Venezuela, S.A. 

James A. Tong, F. I. Martin, Ebert E. Boylan 
Tony D. Falletti, Wichita, Kan. 

Noel H. Stearn, Robert L. Cassingham, Edward A. Koester 
Tom Mercer Girdler, Jr., Shawnee, Okla. 

W. H. Wynn, F. A. Bush, J. Lawrence Muir 
Charles O. Hansard, Jr., Hearne, Tex. 

Albert W. Giles, Willard L. Miller, W. M. Plaster 
A. A. Holston, Tyler, Tex. ; 
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R. B. Mitchell, G. W. Pirtle, Robert L. Jones 
William Willard Mayfield, Clarksburg, W. Va. 

E. H. Tollefson, J. French Robinson, Robert C. Lafferty 
Joseph Martin McNulty, Denver, Colo. 

F. M. Van Tuyl, J. Harlan Johnson, Ben H. Parker 
Harold DeLong Mitchell, Tulsa, Okla. 

W. I. Ingham, H. W. Peabody, K. M. Willson 
Donald James Knox Polk, Mattoon, III. 

Rolf Engleman, L. Murray Neumann, Edmond O. Markham 
Colin W. Reith, Kingwood, W. Va. 

S. B. Henry, F. A. Davies, A. Allen Weymouth 
John W. Ruwwe, Shawnee, Okla. 

D. E. Lounsbery, Hugh W. O’Keeffe, Roy P. Lehman 
John Meredith Shaffer, Pittsburgh, Pa. 

R. W. Clark, M. G. Gulley, Robert C. Lafferty 
Raymond William Snyder, Mt. Harris, Colo. 

F. M. Van Tuyl, Dart Wantland, Ben H. Parker 
Israel G. Sohn, Bronx, N. Y. 

Earl Emendorfer, G. Marshall Kay, H. N. Coryell 
Mordelo L. Vincent, Jr., Lake Charles, La. 

Kenneth Dale Owen, Wallace C. Thompson, Paul Weaver 
Quentin Lyle Wilcox, Pittsburgh, Pa. 

R. W. Clark, M. G. Gulley, Robert C. Lafferty 

FOR TRANSFER TO ACTIVE MEMBERSHIP 

Thornton C. Cash, Tyler, Tex. 

E. A. Wendlandt, H. J. McLellan, G. W. Pirtle 
Harold Elsworth Christensen, Wichita, Kan. 

J. N. Troxell, A. W. Lauer, G. S. Dille 
Wallace W. Irwin, Midland, Tex. 

John Emery Adams, C. A. Mix, Charles D. Vertrees 
Earl Robert McFarland, Oklahoma City, Okla. 

M. E. Carpenter, K. A. Ellison, Irving Perrine 
Eugene Alexander Murchison, Jr., Tyler, Tex. 

H. J. McLellan, E. A. Wendlandt, G. W. Pirtle 
Ben L. Pilcher, Jr., Pampa, Tex. 

Dana M. Secor, Henry Rogatz, W. B. Hoover 
C, A. Weintz, Tulsa, Okla. 

R. B. Mitchell, G. W. Pirtle, Robert L. Jones 


SEVENTEENTH INTERNATIONAL GEOLOGICAL CONGRESS 
MOSCOW, JULY-AUGUST, 10937 
(A LETTER FROM AN ASSOCIATION DELEGATE) 
Baku, August 9, 1937 
Dear 
We have just reached here, for a week of geologizing, after 10 solid days 
of touring in a 7-car special train. The meeting in Moscow was splendid. I 
have written most of the story and sent a file of the Moscow News (English 
edition) telling about the Congress and giving some of the papers. It is a 
long story and I will have to wait until I return for the details as we are kept 
too busy for much writing. 
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During the Congress in Moscow we made a 2-day excursion, with sleeper 
jumps, to Leningrad, where Bill Wrather joined the party. After the Congress, 
56 of us, including 1o Americans, left on a special train of 5 sleeping cars, one 
diner, and another car with a shower bath, which will be our home for 32 
days, except for 6 in this excellent hotel. We went north and east to Perm, 
where they have some Permian lime oil; to Swerdlovsk, in the heart of the 
Urals; to Chelyabinsk, which is just over the line in Siberia; Ishimbayers, 
with a large new field in Permian lime; Syzran, on the Volga; then southwest 
to Rostov and southeast to Baku, where we have been just one hour—so you 
see that I am a faithful reporter. 

The trip is nicely interspersed with diversifications so that there is no 
monotony of geology. We have had a 4-hour trip by boat on the Volga, an 
auto tour of Rostov-on-the-Den, near the Sea of Azov, and a whole day at 
Kislovodsk with its remarkable mineral springs, where we all had a bath 
(much needed) in Harzan—their White Rock. It is a beautiful place full of 
sanitoriums for heart trouble or nervous break-downs, and I—threatened 
with both—-could have enjoyed a week there. 

Every so often the local authorities have a ‘‘Reception” for us, an elegant 
banquet from caviar to champagne (Russian), and some talks of their ideals 
and progress, and responses with our thanks. The Russians are thoroughly 
friendly and enormously hospitable, so much so that I understand the 
“regulars” of other congresses, who have been their hosts elsewhere, are not 
a little embarrassed thereby. 

Everywhere we go, a remote oil-field camp, or the headquarters of some 
province’s Soviet, or a museum, we are welcomed by banners, always in 
English, usually in Russian also, and sometimes in French. Also there is 
usually a more or less complete (and mostly more) museum of all their speci- 
mens of rocks, fossils, and what-not. The height of hospitality came at 
Syzran, where the visitors expressed special interest in certain cores ef cetera, 
and the Russians took a hammer to their nicely polished exhibits, broke them 
into pieces, and distributed them! This generosity was nearly equalled the 
day before at Ishimbayero, where Bill Wrather inquired if he might get a 
list of the fossils in their basal Permian, and samples. They assured him he 
could, and delivered to him at the train, boxed for shipping, a complete set 
of their slides! 

I must not fail to mention that almost without exception the maps, 
charts, cross sections, diagrams, and graphs—not only in Moscow, but also 
in the remote provinces—are explained (printed) in Russian and English. 
All talks are also interpreted in English and usually in French, too. We are 
really impressed by the arrangements which have been made for the Congress 
and for these excursions. 

Best regards, 
(Signed) J. ELMER THOMAS 


i 

. | 
oy 

| 

t 

| 
4 
u 


THE ASSOCIATION ROUND TABLE 1367 


ASSOCIATION COMMITTEES 
EXECUTIVE COMMITTEE 


H. B. Fuqua, chairman, Fort Worth, Texas Ratpa D. REED, Los Angeles, California 
Ira H. Craw, secretary, Tulsa, Oklahoma C. L. Moopy, Shreveport, Louisiana 
W. A. Ver Wiese, Wichita, Kansas 


GENERAL BUSINESS COMMITTEE 


Artuur A. BAKER (1938) J. Brian Esy (1938) R. E. RETTGER (1938) 
WituraM A. BAKER (1939) H. B. Fuqua (1939) R. B. RutTLEeDGE (1939) 
Orvat L. Brace (1939) BenyjAMIn F. Hake (1939) R. F. SCHOOLFIELD (1939) 
Cary P. ButcHer (1939) L. W. Henry (1937) Frep P. SHAYES (1939) 
Freperic A. Busu (1939) V. G. Hitt (1939) S. E. Stripper (1939) 


C. G. CaRLson (1938) 
Harovp S. Cave (1939) 
Rosert W. CrarK (1939) 
Ira H. Cram (1938) 


Haron W. Hoots (1938) 
H. V. Howe (1938) 

J. Haran JOHNSON (1939) 
Epwarp A. Koester (1930) 


Homer J. Stemy (1939) 
W. T. Jr. (1939) 

J. D. Toompson, Jr. (1938) 
James A. Tone (1939) 


A. F. CRIDER (1939) J. J. Maucint (1938) Wa ter A. VER WIEBE (1938) 
A. Artuur Curtice (1939) C. L. Moopy (1938) STANLEY G. WISSLER (1938) 
A. R. DENISON (1939) Davm Perry Otcott (1939) ANDREW C. WRIGHT (1939) 


D. REED (1938) 


RESEARCH COMMITTEE 
Donat C. BARTON (1939), chairman, Humble Oil and Refining Company, Houston, Texas 
Harowp W. Hoots (1939), vice-chairman, Union Oil Company, Los Angeles, California 
M. G. CHENEY (1938), vice-chairman, Coleman, Texas 


Joun G. Bartram (1938) Tueopore A. Link (1938) W. L. Gotpston (1939) 
C. E. Dosstn (1938) C. V. MILurkan (1938) W. C. SPOONER (1939) 
Rosert H, Dorr (1938) R. C. Moore (1938) PARKER D. TRASK (1939) 


K. C. HEALD (1938) F. B. PLuMMER (1938) Maurice M. ALBERTSON (1940) 
STANLEY C. HEROLD (1938) L. Rica (1938) Wiiuram E. Husparp (1940) 
F. H. Lawee (1938) C. W. Tomirnson (1938) Joun C. Karcuer (1940) 

H. A. Ley (1938) GLENN H. Bowes (1939) Norman L. Tuomas (1940) 


REPRESENTATIVE ON DIVISION OF GEOLOGY AND GEOGRAPHY 
NATIONAL RESEARCH COUNCIL 


Freperic H. LAwEE (1940) 
GEOLOGIC NAMES AND CORRELATIONS COMMITTEE 
Joun G. Bartram, Stanolind Oil and Gas Company, Casper, Wyoming 


M. G. CHENEY B. F. Hake A. I. LEvorsEN J. R. REEVEs 
ALEXANDER DEUSSEN G. D. Hanna C. L. Moopy ALLEN C. TESTER 
GLENN S. DILLE M. C. IsRAELSKY R. C. Moore W. A. Tuomas 
Ep. W. OWEN 
TRUSTEES OF REVOLVING PUBLICATION FUND 

Ben F. Hake (1938) J. V. Howe t (1939) Rapa D. REED (1940) 

TRUSTEES OF RESEARCH FUND 
A. A. BAKER (1938) Atex W. McCoy (1939) Rosert J. Riccs (1940) 

FINANCE COMMITTEE 

Tuomas S. Harrison (1938) W. B. Heroy (1939) E. DEGOLYER (1940) 


COMMITTEE ON APPLICATIONS OF GEOLOGY 
Frank RINKER CiarkK, chairman, Box 981, Tulsa, Oklahoma 


H. Atkinson Ira OrHo BROWN P. Hinpes H. S. McQueen 
Our G. BELL Hat P. ByBee Marvin LEE E. K. Soper 
Artuur E. BRAINERD CAREY CRONEIS S. E. Eart A. TRAGER 


COMMITTEE FOR PUBLICATION 
Freperic H. Lawee, chairman, Box 2880, Dallas, Texas 


Watrter R. BERGER James FrrzGeratp, Jr. A. M. Lioyp J. T. Ricwarps 
CHARLES BREWER, JR. W. Hoots W. A. MALEY THERon Wasson 
T. C. Craic J. Hartan JOHNSON Granam B. Moopy Pavut WEAVER 
James Terry Duce Epwarp A. KoEsTER R. B. NEwcomBE A. W. WEEKs 

C. E. ErpMANN Caas. H. Lavincton Ep. W. OWEN A. C. Wricat 


A. I. LevorsEn R. E. Retrcer 
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##Hemorial 


PAUL VERE ROUNDY 
(1884-1937) 


Paul Vere Roundy, geologist in the United States Geological Survey, died 
at his home in Washington, D. C., on June 21, 1937, after many months of 
illness. Although his condition was known to be precarious, it seemed to be 
on the mend, and death came very suddenly while he was preparing to go to 
his office in the morning. He is survived by two sons, Paul V. Roundy, Jr., 
and Willard H. Roundy, having lost his wife in 1931. 

Roundy was born in Cooperstown Junction, Otsego County, New York, 
on January 8, 1884. After graduating from the Oneonta High School, he at- 
tended Syracuse University for two years, but upon receiving an appoint- 
ment to the Geological Survey in 1908, he moved to Washington and com- 
pleted his collegiate work at George Washington University, majoring in 
geology and paleontology. He received his Bachelor’s degree from there in 
1912. 

He was continuously engaged in geological and paleontological work for 
the Survey from his appointment in 1912 to his death in 1937. His experience 
covered a wide field somewhat as follows: paleontological work in Virginia, 
West Virginia, Maryland, and Ohio from 1909 to 1911; areal geology in Utah 
in 1912; paleontological and stratigraphic work in Arkansas and Oklahoma in 
1913; areal geology in Idaho and Wyoming in 1914-1916; oil and gas work in 
Kansas, Oklahoma, and Texas in 1917-1919. During the years of the World 
War, he was associated with others in surveying the Osage County oil field 
of Oklahoma. Ten years later he was one of several detailed to survey the 
disputed Elk Hills Naval Reserve No. 1 in California. 

Much of his published work was in collaboration with others and was in 
the field of stratigraphy and economic geology, and at the time of his death 
he had just completed a long report on the phosphate reserves of Florida. 
Nevertheless, his main interest was paleontology, and during the last decade 
or so he turned his attention to the field of micropaleontology. He published 
several papers in that field, but much of his time not otherwise occupied was 
addressed to laying the foundation for scholarly work on the ostracodes, 
foraminifera, and conodonts, the fruition of which was cut short by his un- 
timely death. To this end he had made considerable progress, cataloging the 
genera and species of those groups, and he had in hand several reports, none 
of which is quite complete. 

Roundy was a fine friend and a devoted father. His outstanding trait, 
probably, was generosity. He was prodigal not only with material things, but 
with his time and sympathy, and undoubtedly he reduced his own accom- 
plishment by aiding others. 

He was a member of the American Association of Petroleum Geologists, 
the Paleontological Society of America, the Geological Society of Washington, 
and the Society of Economic Paleontologists and Mineralogists. 
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BIBLIOGRAPHY OF PAUL VERE ROUNDY 


1914. “Original Color Markings of Two Species of Carboniferous Gastro- 
pods,” Amer. Jour. Sci. (4), Vol. 38, pp. 446-50, Pl. 3, Figs. 1-13. 

1916. “Revision of the Beckwith and Bear River Formations of Southeastern 
Idaho,” G. R. Mansfield, co-author, U. S. Geol. Survey Prof. Paper 
98, pp. 75-84. Abstract in Jour. Washington Acad. Sci., Vol. 6, p. 
565. 


PAuL VERE Rounpy 


1916. “Stratigraphy of Some Formations Hitherto Called Beckwith and Bear 
River in Southeastern Idaho,” G. R. Mansfield, co-author, abstract 
in Bull. Geol. Soc. America, Vol. 27, pp. 70-71. 

1916. “Some Jurassic and Cretaceous Formations of Southeastern Idaho,” 
G. R. Mansfield, co-author, abstract in Jour. Washington Acad. Sci., 
Vol. 6, p. 157. 

1922. “Structures and Oil and Gas Resources of the Osage Reservation, 
Oklahoma, Tps. 26 and 27 N., R. 12 E.,”’ K. C. Heald and G. B. 
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Richardson, co-authors, U. S. Geol. Survey Bull. 686, pp. 395-420; 
1 fig.; 6 pls. (incl. maps). 

1923. ‘“‘Notes on the Glenn Formation of Oklahoma with Consideration of 
New Paleontologic Evidence” (with discussion by W. L. Goldston, 
Jr.), G. H. Girty, co-author, Bull. Amer. Assoc. Petrol. Geol., Vol. 
7, No. 4 (July-August) pp. 331-40. 

1925. “Bibliography of Conodont and Paleozoic Annelid Jaw Literature,” 
Nat. Research Council Division of Geology and Geography. 4 pp. 
Washington, D. C. (March 16). Mimeographed. 

1926. ‘‘Mississippian Formations of San Saba County, Texas; Introduction; 
The Micro-fauna,” U.S. Geol. Survey Prof. Paper 146, pp. 1-2; §-23; 
4 pls. 

1927. “Geology and Oil Development of the Elk Hills, California,’ W. P. 
Woodring, co-author, abstract in Jour. Washington Acad. Sci., Vol. 
17, No. 10 (May 19), pp. 271-72. 

1927. “Description of Ostracodes,”’ Jour. Paleontology, Vol. 1, No. 1 (July), 
pp. 11-12. 

1932. “Geology and Oil Resources of the Elk Hills, California (including 
Naval Petroleum Reserve No. 1),’”’ W. P. Woodring and H. R. 
Farnsworth, co-authors, U. S. Geol. Survey Bull. 835. 82 pp., 8 
figs., 22 pls. (including map). 

1932. ‘‘Preliminary Report on the Minudie Anticline, Cumberland County, 
Novia Scotia,” Nova Scotia Dept. Public Works and Mines, Ann. 
Rept. on Mines, 1931, Pt. 2, pp. 15-21. 

GEORGE H. Girty 


Unirep States Gro.ocicaL Survey, Wasntncton, D. C. 
August 16, 1937 


JOHN MANDEVILLE ALDEN 
(1888-1937) 

John M. Alden died at his home in Tulsa, Oklahoma, August 16, 1937; 
following an illness of several months. Alden was supervisor of oil and gas 
operations of the Mid-Continent district for the Oil and Gas Leasing Division 
of the United States Geological Survey. Through a staff of petroleum engi- 
neers, accountants, field engineers, and several district offices he directed 
operations for oil and gas on the public domain and on restricted Indian lands 
in Oklahoma, Kansas, New Mexico, Arkansas, Louisiana, Mississippi, Ala- 
bama, and Texas. 

Alden had numerous interests outside his official duties. He was a past- 
president of the Kiwanis Club of Taft, California, and a past-director of the 
Kiwanis Club at Muskogee, Oklahoma. He was active in the Boy Scouts of 
America in California and later in Oklahoma. He was a member of the Tulsa 
chapter of the American Petroleum Institute, the Tulsa Geological Society, 
the American Association of Petroleum Geologists, the College Hill Presby- 
terian Church, and the Oakhurst Country Club of Tulsa, Oklahoma. Until a 
few months before his death he was a member of the American Institute of 
Mining and Metallurgical Engineers. 

John Alden was of the ninth generation of the direct descendants of one 
of America’s best known families. John and Priscilla Alden, two young mem- 
bers of Plymouth Colony and earlier both passengers on the Mayflower, 
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MEMORIAL 1371 
were the founders of the family in America. The story of the courtship of 
these two early Americans was eloquently told in verse by Henry W. Long- 
fellow in “The Courtship of Miles Standish.”’ The descendants of the famous 
Colonial couple lived in Massachusetts until 1799, when a member of the sixth 
generation, who was the great great grandfather of John Alden of Tulsa, 


JoHN MANDEVILLE ALDEN 


removed to Pennsylvania. John was born the fourth and youngest child of 
Philo Elzer and Susan Ormsby Alden at Monroeton, Pennsylvania, May 10, 
1888. He was christened John Mandeville Alden. 

He was educated in his native state of Pennsylvania and as a young man 
chose to follow his father’s occupation of civil engineering. He had his field 
training in engineering under his father’s instruction and later father and son 
became partners in business. While still a young man John accepted the 
position of resident engineer for the Coal and Coke Railroad, which position 
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he held during the construction of the railroad through West Virginia. It 
was no doubt the careful training of his father and the experience in precision 
work gained in his railroad engineering in early life that developed the ability 
for thoroughness which in later years he so completely possessed and which he 
required of his subordinates. 

Following his railroad engineering work Alden was associated for a brief 
time with a firm of consulting engineers at Clarksburg, West Virginia. In 
1909 he was employed as an engineer by the Hope Natural Gas Company, a 
subsidiary of the Standard Oil Company of New Jersey. He and Hattie Pier- 
son of Gassaway, West Virginia, were married February 21, 1910, and they 
made their home in Clarksburg. Alden remained at Clarksburg with the Hope 
Natural Gas Company until 1921, when he joined the United States Bureau of 
Mines as associate natural gas engineer in the Oil Leasing Division. He was 
assigned to the Rocky Mountain region and remained there 4 years, making 
his home and headquarters at Denver, Colorado. Alden joined the staff of 
the United States Geological Survey July 1, 1925, on which date the Oil 
Leasing Division of the Bureau of Mines was transferred to that bureau. 
His advancement was rapid and in 1924 he was transferred to Taft, Cali- 
fornia, as deputy supervisor of oil and gas operations on the Pacific coast. 
In 1930 Alden was made supervisor of the Mid-Continent district with head- 
quarters at Muskogee, Oklahoma. Two years later the supervisor’s office was 
moved to Tulsa, where he served until his death. 

His passing away has deprived the Geological Survey of an executive 
with able administrative judgment, his family of a devoted husband and 
father, and his friends of a true, respected companion. Although quiet and 
reserved, John had an infinite capacity for making friends and his home was 
one in which it was always a pleasure to be a guest. His was a pleasing per- 
sonality. He was dignified in appearance but had a winning smile and a keen 
sense of humor. He was well read in the current happenings of the world and 
was, therefore, a pleasing conversationalist but was in no sense garrulous. In 
his work he was orderly, exacting, and thorough. 

Alden is survived by his widow; two daughters, Roberta Priscilla, who isa 
teacher in the Tulsa schools, and Jean, who is a sophomore at Central High 
School; and one son, George, who is following in his father’s footsteps profes- 
sionally and is a student in petroleum engineering at Tulsa University. 

N. W. Bass 


Tusa, OKLAHOMA 
September 22, 1937 
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CURRENT NEWS AND PERSONAL ITEMS OF THE PROFESSION 


The Society of Economic Geologists will hold its annual meeting in 
Washington, D. C., at the time of the Geological Society of America meeting, 
December 28-30. 


L. D. Bur.inc, formerly assistant geologist of the United States Geo- 
logical Survey, a member of the faculty of Vassar College, and more recently 
in the employ of oil companies in the Mid-Continent, is going to the Uni- 
versity of North Carolina, at Chapel Hill, as associate professor, taking the 
place of associate professor GERALD B. MacCartuy while he is on leave. 


WILBER H. Youne, Jr., formerly manager of the Oil Core Testing Labo- 
ratory, Inc., at Titusville, Pennsylvania, is now geologist and petroleum engi- 
neer for the Empire Gas and Fuel Company at Wellsville, New York. 


JuLtes BRAuNSTEIN has been employed as micropaleontologist by the 
Shell Petroleum Corporation at Houston, Texas. 


James B. TEMPLETON, geologist and land man for the Deep Rock Oil 
Company at Shreveport, Louisiana, has been transferred to Wichita, Kansas. 


C. N. Vaverius has been transferred from Tulsa, Oklahoma, to Shreve- 
port, Louisiana, as district land man for the Barnsdall Oil Company. His ad- 
dress is 607 Giddens Lane Building. 


Bos Hancock, formerly with the Indian Territory Illuminating Oil Com- 
pany, at Bartlesville, Oklahoma, is now with the Magnolia Petroleum Com- 
pany, at Oklahoma City. 


MEREDITH E. JOHNSON, formerly assistant geologist, has succeeded 
Henry B, KuMMEL as State geologist of New Jersey. Kummel retires after a 
service of more than 4o years. 


W. R. CuEpDsEy has been appointed director of the Missouri School of 
Mines and Metallurgy at Rolla, Missouri. Chedsey was professor of mining 
at the School of Mineral Industires at Pennsylvania State College for 21 
years. 


FREDERIC B. Loomis, professor of geology at Amherst College, died while 
in Alaska last July. 


Racpu B. Roark, manager of production for the Shell Petroleum Cor- 
poration, at Tulsa, has been promoted to be vice-president in the Mid-Con- 
tinent area. 


T. E. Swicart, vice-president of the Shell Petroleum Corporation in the 
Gulf Coast district, has been transferred to the executive offices at St. Louis. 


The members of the permanent council of the World Petroleum Congress 
appointed since the second congress, June 14—16, in Paris, one of whose duties 
is to select the meeting place for the third congress, are the following: presi- 
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dent, Louis Pineau (France), Max Streintz (Austria), Paul Erculisse (Bel- 
gium), Charles Bihoreau (France), S. Scheer (France), L. Ubbelohde (Ger- 
many), S. J. M. Auld (Great Britain), T. Dewhurst (Great Britain), J. H. C. 
de Brey (Holland), Stanislas Pilat (Poland), L. Mrazec (Roumania), Gustav 
Egloff (United States), W. P. Haynes (United States), and secretary, J. Filhol 
(France). 


Mr. and Mrs. Pau E. FirzGERALp are the parents of a baby daughter, 
Julia Anne, born at St. Johns Hospital, Tulsa, August 30. Fitzgerald is geolo- 
gist for Dowell Incorporated. 

Data on more than 15,000 genera and species of Foraminifera, including 
45,000 illustrations, are to be available for the information of geologists, 
engineers, and other scientists as a result of work now being done by the 
Geological Research Project of the Works Progress Administration in New 
York City. Substantial progress toward the completion of the gigantic task 
of assembling this material has been reported to the Washington, D. C., 
office of the Division of Women’s and Professional Projects of the Works 
Progress Administration. Ellen S. Woodward, assistant WPA administrator, 
is director of this division. The finished work is to consist of 25 volumes of 
about 1,000 pages each, containing in all approximately 45,000 illustrations 
and bound in loose-leaf form to include supplementary material. Brooks F. 
ELLIs, geologist of New York University began this task more than ro years 
ago. 


F. E. MARSHALL, geologist for Snowden and McSweeney, Incorporated, 
Wichita, Kansas, has moved to Bridgeport, Illinois, to take charge of the 
office there. 


W. F. Bowman has resigned as chief geologist for the Tide Water Associ- 
ated Oil Company, at Houston, Texas, to enter private practice as consulting 
geologist. 


H. W. C. PRoMMEL, consulting geologist of Denver, Colorado, is author 
of a paper, ‘“‘Pennsylvanian Basin of West Central Colorado Geologized,” in 
the September 23 issue of the Oil and Gas Journal. 


T. F. Jounston recently resigned as party chief of a seismograph crew 
for The Texas Company, to take graduate work at the University of Texas. 


Norvat Nicuots has accepted a position with the Humble Oil and Re- 
fining Company at Odessa, Texas. 


Wi..1AM L. RussELL, formerly at Houston, Texas, has moved to Harris- 
burg, Illinois, and may be addressed at the Pickford Apartments, 112 West 
Poplar Street. 


Rosert G. HAMILTON has been transferred from Wharton, Texas, to the 
Oklahoma City office of the Schlumberger Well Surveying Corporation. 


CLARENCE L, LEE has changed his address from Wahoo, Nebraska, to 
Casa Blanca Apartments, Santa Maria, California. 


At the fifth annual Illinois Mineral Industries Conference held at Ur- 
bana-Champaign, October 8 and 9, the following papers were scheduled in 
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the group on current developments in oil and gas: ‘“‘Developments in Illinois 
since January 1, 1937,” by ALFRED H. BELL; “‘Oil Exploration in the Eastern 
Portion of the Illinois Basin,” by THERON Wasson; ‘‘Water-Flooding,” by 
Paut D. Torrey; and “Recent Developments in Water-Flooding in Illinois 
Oil Fields,” by FREDERICK SQUIRES. 


An advisory committee on the American Petroleum Institute’s research 
project No. 27, ‘Function of Water in the Production of Oil from Reservoirs,” 
has been appointed with the following members: E. G. GayLorp, chairman, 
Standard Oil Company of California, San Francisco; K. C. HEALD, Gulf Oil 
Corporation, Pittsburgh; C. V. MILLIKEN, Amerada Petroleum Corporation, 
Tulsa; T. V. Moore, Humble Oil and Refining Company, Houston; K. B. 
NoweELs, Forest Development Corporation, Abilene, Texas; R. B. Roark, 
Shell Petroleum Corporation, Tulsa; A. C. RuBEL, Union Oil Company of 
California, Los Angeles; W. C. SHurts, Standard Oil Development Com- 
pany, New York City; and F. E. Woop, Standard Oil Company of Indiana, 
Chicago. F. E. Barte.t, of the department of chemistry, University of 
Michigan, will be in charge of the work and will soon make a survey of the 
Bradford oil field. He will be aided by FrRaNK C. BENNER and WESLEY W. 
RICHES, research assistants. 


The S.S. Wallace E. Pratt was launched, October 2, at Chestér, Pennsy]- 
vania, by the Sun Shipbuilding and Dry Dock Company for the Standard 
Oil Company of New Jersey. Miss Nancy Jane Pratt was sponsor. 


C. F. Bowen, chief geologist of the Standard Oil Company of New Jersey, 
New York, has returned from an extended journey in the Orient. 


Haroitp LEE Crockett has joined the geological department of the 
Ohio Oil Company at Wichita, Kansas. 


C. D. Rosinson, of the Arkansas Fuel Oil Company, is in charge of the 
McAllen, Texas, office, assisted by J. P. Jones. 


Harry F. Wricut, consulting geologist and engineer, Tulsa, Oklahoma, 
has an article, “Seismic Disturbances Induced by Deep Rotary Drilling,” in 
the Oil and Gas Journal of September 30. 


H. C. GeorGE, head of the Petroleum Engineering School at the Uni- 
versity of Pittsburgh, died last month, at the age of 56 years. 


SAMUEL ScuuLits talked on “Problems Relating to the Transportation 
of Silt by Streams,” at the regular meeting of the Rocky Mountain Associa- 
tion of Petroleum Geologists at Denver, Colorado, October 4. 


C. W. Tomttnson, of Ardmore, Oklahoma, spoke before the Tulsa Geo- 
logical Society, October 4, on the subject “The Big-Horn-Yellowstone 
Structural Field Conference.” 


Lioyp I. YEAGER, of the Cities Service Oil Company, has been trans- 
ferred from the office of district geologist at Wichita, Kansas, to be assistant 
geologist at Roswell, New Mexico. 
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VINCENT W. VANDIVER, formerly with the Standard Oil Conpany of 
New Jersey, is in the land and geological department of the Wilshire Oil 
Company, 2455 East 27th Street, Vernon, California. 


Howarp L. Tipsworp, formerly with the Amerada Petroleum Corpora- 
tion at Tulsa, Oklahoma, has a year’s leave to work toward an A.M. degree 
in paleontology at Indiana University. 


R. O. Ruoapes has changed his address from the Kuwait Oil Company, 
Persian Gulf, to Gulf Exploration Company (Great Britain) Ltd., 3 London 
Wall Buildings, London E.C. 2, England. 


Ernest Guy Rosinson has moved from Los Angeles, to the St. Louis 
office of the Shell Petroleum Corporation. 


R. M. KLerINnpPELt has resigned as assistant geologist in the field service 
of the United States Geological Survey. 


J. B. Wutsenant of Whisenant and Trenchard, geologists, San Antonio, 
Texas, has moved to Illinois and has opened an office for his firm at 1403 
Charleston Avenue, P.O. Box 55, Mattoon, Illinois. 


ARTHUR C. Munyan has joined the Geological Survey of Georgia (De- 
partment of Natural Resources), 425 State Capitol, Atlanta, Georgia. 


Perry Otcort, geologist for the Humble Oil and Refining Company, 
talked on “Cost of Acquisition of Crude Oil Reserves,” before the Houston 
Geological Society, September 23. 


L. S. CorYELL is with the Indian Territory Illuminating Oil Company at 
Abilene, Texas. 


GrorcE S. Hume, of the Canadian Geological Survey, Ottawa, talked 
on “The Oil Situation in Southern Alberta,” before the Calgary branch of 
the Engineering Institute of Canada, the latter part of September. 


Joun Wuitney Lewis has been doing consulting work for the Seaboard 
Oil Corporation, the Atlantic Refining Company, and the Royal Dutch 
Shell of Cuba, in the Dominican Republic. 
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PROFESSIONAL DIRECTORY 


Space for Professional Cards Is Reserved for 
Members of the Association. For Rates Apply to 


A.A.P.G. Headquarters, Box 979, Tulsa, Oklahoma 
| CALIFORNIA 
WILLARD J. CLASSEN RICHARD R. CRANDALL 
Consulting Geologist Consulting Geologist 
Petroleum Engineer 404 Haas Building 
1093 Mills Building LOS ANGELES, CALIFORNIA 
SAN FRANCISCO, CALIFORNIA 


PAUL P. GOUDKOFF 


J. E. EATON Geologist 
Consulting Geologist Geologic Correlation by Foraminifera 
and Minera rains 

2062 N. Sycamore Avenue ‘ 
LOS ANGELES, CALIFORNIA 799 Subway Terminal Building 


Los ANGELES, CALIFORNIA 


Consulting Geologist 


C. R. McCOLLOM WALTER STALDER 
Petroleum Geologist 

i 


Richfield Building 925 Crocker Building 
Los ANGELES, CALIFORNIA SAN FRANCISCO, CALIFORNIA 


IRVINE E. STEWART 


ACK M. SICKLER 
Consulting Geologist J ‘ 
Geologist 
| Suite 505 
| 811 West Seventh Street Building Pacific Mutual Building 
| 
: Los ANGELES, CALIFORNIA Los ANGELES, CALIFORNIA 


VERNON L. KING 
Petroleum Geologist and Engineer 


1227 Bank of America Building 


Los ANGELES, CALIFORNIA 
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COLORADO 


HEILAND RESEARCH CORPORATION 
Registered Geophysical Engineers 


— Instruments — 
— Surveys — Interpretations — 
C. A. HgILaND Club Bldg. 
President Denver, Coo. 


JOHN H. WILSON 
Geologist and Geophysicist 


Colorado Geophysical Corporation 
610 Midland Savings Building, Denver, CoLorapo 


KANSAS 


R. B. (IKE) DOWNING 
Geological Engineer 
Magnetic Surveys 
Union National Bank Bldg. WICHITA, KANSAS 


L. C. MORGAN" 
Petroleum Engineer and Geologist 
Specializing in Acid-Treating Problems 


358 North Dellrose 
Wicnuita, Kansas 


LOUISIANA 


J. Y. SNYDER 


1211 City Bank Building 
SHREVEPORT, LOUISIANA 


No Commercial Work Undertaken 


WILLIAM M. BARRET, INC. 
Consulting Geophysicists 


Specializing in Magnetic Surveys 


Giddens-Lane Building SHREVEPORT, La. 


NEW MEXICO 


RONALD K. DeFORD 
Geologist 


ROSWELL MIDLAND 
New Mexico TEXAS 
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NEW YORK 
FREDERICK G. CLAPP BROKAW, DIXON & McKEE 
Consulting Geologist Geologists 
OIL—NATURAL GAS 
50 Church Street Appraisals 
NEW YORK 120 Broadway Gulf Building 
New York Houston 
-. A. H. GARNER 
Geologist Engineer 
PETROLEUM 
NATURAL GAS 
120 Broadway New York, N.Y. 
OHIO 
JOHN L. RICH 
Geologist 
Specializing in extension of ‘‘shoestring’’ pools 
University of Cincinnati 
Cincinnati, Ohio 
OKLAHOMA 
GINTER LABORATORY 
ELFRED BECK CORE ANALYSES 
Geologist Permeability 
525 National Bank of Tulsa Building a 
TULSA OKLAHOMA R. L. GINTER eserves 
Owner 118 West Cameron, Tulsa 
MALVIN G. HOFFMAN R. W. Laughlin L. D. Simmons 


Geologist 


Midco Oil Corporation 
Midco Building 
TULSA, OKLAHOMA 


WELL ELEVATIONS 
Oklahoma, Kansas, Texas, and 
lew Mexico 
LAUGHLIN-SIMMONS & CO. 
-605 Oklahoma Gas Building 
TuLsa OKLAHOMA 


MID-CONTINENT TORSION BALANCE SURVEYS 
SEISMIC AND GRAVITY INTERPRETATIONS 


KLAUS EXPLORATION COMPANY 


H. KLAUS 
Geologist and Geophysicist 


404 Broadway Tower Enid, Oklahoma 


A. I. LEVORSEN 


Petroleum Geologist 


221 Woodward Boulevard 


TULSA OKLAHOMA 
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OKLAHOMA 


GEO. C. MATSON 


© 


G. H. WESTBY 
Geologist and Geophysicist 


Geologist 
Seismograph Service Corporation 
i ildi , OKLA. 
Philcade Building Tutsa, OKLA. Kennedy Building Tulsa, Okl 
PENNSYLVANIA 
HUNTLEY & HUNTLEY 


Petroleum Geologists 
and Engineers 


L. G. 
J. R. Jr. 
H. RuTHERFORD, Geophysics 
Grant Building, Pittsburgh, Pa. 


TEXAS 


DONALD C. BARTON 
Geologist and Geophysicist 
Humble Oil and Refining 


D’ARCY M. CASHIN 
Geologist Engineer 


Specialist, Gulf Coast Salt Domes 
Examinations, Reports, Appraisals 


Company Estimates of Reserves 
705 Nat'l. Standard Bldg. 
HOUSTON TEXAS HOUSTON, TEXAS 
E. DEGOLYER 
Geologist ALEXANDER DEUSSEN 
Esperson Building Consulting Geologist 
Houston, Texas Specialist, Gulf Coast Salt Domes 
Continental Building 1606 Shell Buildi 
HOUSTON, TEXAS 
F. B. 
DAVID DONOGHUE 
Consulting Geologist THE FORT WORTH 
LABORATORIES 
of Brine, Gus, Minerals Oil, Inter 
jon yses. Fie! as 
828% Monroe Street. FORT WORTH, TEXAS 


Lomg Distance 138 
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TEXAS 


J. S. HupDNALL G. W. 
HUDNALL & PIRTLE 
Petroleum Geologists 


Appraisals Reports 
Peoples Nat'l. Bank Bldg. TYLER, TEXAS 


JOHN S. IVY 
United Gas System 


921 Rusk Building, HOUSTON, TEXAS 


W. P. JENNY 
Geologist and Geophysicist 
Gravimetric Seismic 
Magnetic Electric 
Surveys and Interpretations 
2102 Bissonett HOUSTON, TEXAS 


PHILLIP MAVERICK 
Petroleum Geologist 


Western Reserve Life Building 


SAN ANGELO TEXAS 


DABNEY E. PETTY 
Geologist 


P. O. Drawer 1477 SAN ANTONIO, TEXAS 


E. E. 


SUBTERREX 
BY 
Geophysics and Geochemistry 


Esperson Building Houston, Texas 


A. T. SCHWENNESEN 
Geologist 


1517 Shell Building 
HOUSTON TEXAS 


W. G. Savitts J. P. ScoumMACHER A. C. PAGAN 


TORSION BALANCE 
EXPLORATION CO. 


Torsion Balance Surveys 


1404-10 Shell Bldg. Phone: Capitol 1341 
HOUSTON TEXAS 


HAROLD VANCE 
Petroleum Engineer 


Petroleum Engineering Department 
A. & M. College of Texas 
COLLEGE STATION, TEXAS 


WYOMING 


E. W. KRAMPERT 
Geologist 


P.O. Box 1106 
CASPER, WYOMING 
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TEXAS 
NORTH TEXAS A SOUTH TEXAS GEOLOGICAL 
GEOLOGICAL SOCIETY i SOCIETY 
WICHITA FALLS, TEXAS * SAN ANTONIO AND —— CHRISTI 
; President - H H. Nowl 
Consulting G. "Darby Petroleum Corporation, an Antonio 
Fast Netional Bank "Boing On and R Refining Company 
Vice-President W. Weeks Secretary-Treasurer = "Stuart Mossom 


Shell “Petroleum 


John T. Sanford 
Magnolia “Petroleum 


Meetings: Second Friday, each month, at 6:30 P.M. 
Luncheons: Fourth Friday, each month, at 12:15 
P.M. 

Place: Hamilton Building 


Magnolia Petroleum Company, San Antonio 
Executive Committee - Adolph Dovre 
and C. C. Miller 
Third of each month at 8 P.M. 
at the roleum Club. Luncheons every Monda' 
noon at Petroleum Club, Alamo National Build- 
ing.. San Antonio, and at Plaza Hotel, Corpus 
risti. 


WEST TEXAS GEOLOGICAL. 
SOCIETY 


SAN ANGELO AND MIDLAND, TEXAS 


President - james Jr. 
Skelly Oil Co., idla 
Vice-President - Loskamp 
Barnsdall Company, Midland’ 
PR... - John M. Hills 
Amerada Petroleum “Corporation, Midland 


Meetings will be announced 


THE SOCIETY OF 
EXPLORATION GEOPHYSICISTS 
President- - - - - + J. C. Karcher 
Gupte Service, Inc., Dallas, Texas 
1311 Republic Bank Building 
Vice-President - - - - ~- F. M. Kannenstine 


Kannenstine Laboratories, Houston, Texas 
2011 Esperson Building 


Editor - - - - + + + M. M. Slotnick 
Humble Oil & ¢ Refining Co., Houston, Texas 
Secretary-Treasurer - - - - - += M. E. Stiles 


Independent Com Houston, Texas 
1 Esperson Building 


WEST VIRGINIA 


THE APPALACHIAN GEOLOGICAL 
SOCIETY 


CHARLESTON, WEST VIRGINIA 
President’ - 
wealth ‘Gas Corporation 
401 * 
Vice-Presidenmt- - - B. Browning 
Consultin Geole ist and 
Second plone Bank Building 
Ashland, Kentucky 
Godfrey L. Cabot, Inc., Box 348 
ay : Second ‘Jeenthe, each month, at 6:30 
uffner Hotel. 
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Well Log 
Filing Cabinets 


CABINETS are 28” deep (standard filing 
cabinet depth) and are proclaimed the 
most efficient device on the market for 
filing well logs, flat maps, plats and rolled 
maps. 


ALL STEEL CONSTRUCTION. Cabinets 
are built entirely of steel, electrically 
welded. Extra heavy steel extension sus- 
pensions mounted on roller bearings assure 
long life and utmost ease of operation under 
all working conditions. Drawer bottoms 
are reinforced with steel ribs to prevent 
sagging. 


SECTIONAL. Tops, bases and sections 
of three drawers are individual units. Sec- 
tions may be stacked as high as desired. 
Only one top and one base are required 
for each stack. Cabinets may be built up 
or added to in the future as the need arises. 


MANUFACTURED IN THREE SIZES, for 
filing 4,000’, 5,000’ and 6,000’ Well Logs. 


* 
WRITE FOR DETAILS AND PRICES 


The Mid-West Printing 
Company 
“Well Log Specialists” 


The Annotated 


Bibliography of Economic Geology 
Vol. IX, No. 2 
Is Now Ready 


Orders are now being taken for the 
entire volume at $5.00 or for individual 
numbers at $3.00 each. Volumes I, II, 
III, IV, V, VI, VII, and VIII can still 
be obtained at $5.00 each. 


The number of entries in Vol. I is 
1,756. Vol. II contains 2,480, Vol. III, 
2,260, Vol. IV, 2,224, Vol. V, 2,225, Vol. 
VI, 2,085, Vol. VII, 2,166, and Vol. VIII, 
1,186. 


Of these 4,670 refer to petroleum, gas, 
etc. and geophysics. They cover the 
world. 


If you wish future numbers sent you 
promptly, kindly give us a continuing 
order, 


Economic Geology Publishing Co. 
Urbana, Illinois, U.S.A. 


THE 
JOURNAL OF 
GEOLOGY 


a semi-quarterly 
Edited by 
ROLLIN T. CHAMBERLIN 


Since 1893 a constant record of 
the advance of geological science. 
Articles deal with — of 
systematic, theoretical, and funda- 
mental geology. Each article is re- 
pleté with diagrams, figures, and 
other illustrations necessary to a 
full scientific understanding. 


$6.00 a year 
$1.00 a single copy 


Canadian postage, 25 cents 
Foreign postage, 65 cents 


THE UNIVERSITY OF CHICAGO PRESS 


2 
a 
: 
4 
ie 
| a 
UZ 
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WE BANK ON OIL 
1895 — 1937 


(i= THE 
© FIRST NATIONAL BANK AND TRUST COMPANY 
OF TULSA 


THE GEOTECHNICAL CORPORATION 


Roland F. Beers 
President 


902 Tower Petroleum Building 
Telephone LD 711 Dallas, Texas 


Verlag von Gebrider Borntraeger in Berlin und Leipzig 


Einfihrung in die Geologie, ein Lehrbuch der inneren Dynamik, von 


Professor Dr. H. Cloos. Mit 1 Titelbild, 3 Tafeln und 356 Textabbild- 
ungen (XII und 503 Seiten) 1936 Gebunden RM 24.— 


Das Buch wiil den tiberreichen Forschungsstoff der letzten Jahrzehnte so 
darstellen, daB sich auch Fernerstehende von dem Bau, der stofflichen Zusam- 
mensetzung und den Bewegungsvorgangen in der Kruste unseres Planeten ein 
Bild machen kénnen. Die Darstellung geht tiberall von den Tatsachen und zwar, 
so weit wie mdglich, von den tatsaéchlichen Bewegungen aus und endigt bei threr 

edanklichen Auswertung. Auf die Interessen der Praxis, besonders des Berg- 

aus, ist tiberall Bezug genommen, die Verbindung mit dem Leben nach Még- 
lichkeit stindig gewahrt. Das Buch sollte auch den nicht mit gelehrtem Gepack 
belasteten Wanderer im Gebirge fiihren kénnen. 

Die Beispiele stammen aus allen Teilen der Erde, nicht zuletzt aus Skandina- 
vien, Indien, Nordamerika und Afrika. Aber Deutschland und seine friiheren 
auBereuropaischen Besitsungen sind bevorsugt. 

Fiir den Verfasser gibt es in der Erde keine Einzeldinge und nichts Fertiges. 
Er versucht, die Tatsachen in ihren Zusammenhangen vorzufiihren (Bewegungen, 
Kreislaufe, Abstauungen, Entwicklungen usw.), und méchte alle Erkenntnisse 
aufgefaBt wissen als Pflastersteine in einer StraBe zur Loésung eines letzten, zen- 
tralen Problems der Gesamterde. Liicken in diesem Pflaster werden nicht 
tiberkleistert, sondern deutlich umschrieben. Das Buch will also nicht nur in 
seinem Stoff ein dynamisches sein. 


Ausfihrliche Einzelprospekte kostenfrei 
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the 


| Paulin 
LEVELING ALTIMETER 


| 


For Measuring 
Differences in 


Elevation at 
HIGHER 
ALTITUDES 


Designed and engineered for preliminary survey work in the higher altitudes, the 
| Paulin A-3 Leveling Altimeter gives the Petroleum Geologist the finest instrument 
known for the speedy measurement of differences in elevation. The A-3 is gradu- 
ated to ten foot readings; can be read much closer. It is sensitive to the slightest 
changes in elevation, yet sturdy enough to withstand the rigors of constant use in 
the field. Each instrument is furnished with a heavy, sole-leather carrying case, 
as illustrated. May be carried in kit or slung over shoulder. Ask your instrument 
dealer to show you the Paulin A-3; demonstrate its sensitivity. Mail the coupon 
for descriptive literature. 


AMERICAN PAULIN SYSTEM Place check mark in_ this 
1847 SOUTH FLOWER STREET 
LOS ANGELES, CALIF. veying Aneroid 


Please send me, without cost or obligation, a copy of your “Observation Record Book.” 
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JUST OFF THE PRESS 


Petrographic and Physical Characteristics of 
Sands from Seven Gulf Coast 


Producing Horizons 


By M. T. HALBOUTY, B.S., M.S., 
Chief Geologist, Glenn H. McCarthy, Inc. 


The material printed in this book was first published in 
The OIL WEEKLY in a number of installments, extending 
over a seven-week period. Because of the widespread in- 
terest and demand for copies, it is being presented in book 
form for the benefit of those who may wish to study or 
continue the research work of M. T. Halbouty, the author. 


Size x 81/4"”—Fabrikoid Binding 
126 pages illustrated. . Price $1.50 


Send check to 


THE GULF PUBLISHING COMPANY 
P. O. Drawer 2811 Houston, Texas 
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“There Can Be No Finer Map 
Than a Photograph of 
the Land Itself” 


EDGAR TOBIN 


SAN ANTONIO, TEXAS 
Pershing 9141 


AERIAL SURVEYS 


HOUSTON, TEXAS 
Lehigh 4358 


OIL AND GAS GEOLOGY 
of the 
COASTAL PLAIN IN 
ARKANSAS 


By W. C. SPOONER 


With a chapter on UPPER CRETACEOUS 
OSTRACODA 


By Mere C. IsRAELSKY 


This new book is privately printed and published 
from manuscript obtained from the ARKANSAS 
GEOLOGICAL SURVEY, GEORGE C. BRAN- 
NER, STATE GEOLOGIST. It is not designated 
as a State report, though it is the same material 
which the Survey would have published had public 
funds been available. It is, therefore, not obtain- 
able through the usual Survey distribution. 


XXXII and 516 pp., 95 figs., 22 pls., 57 tables. 
6x9 inches. Cloth. 


PRICE, $5.00, POSTPAID 
Order from 


THE AMERICAN ASSOCIATION OF 
PETROLEUM GEOLOGISTS 


Box 979, TULSA, OKLAHOMA 


GEOLOGY OF 
NATURAL GAS 
Edited by Henry A. Ley 


can Continent. 
a 


1227 pages 
250 illustrations 
Bound in cloth. 6 x 9 x 2 inches 


$4.50 Postpaid 
$6.00 to non-members 


Box 979, Tulsa, Oklahoma 


A comprehensive geologic treatise of the oc- 
currence of natural gas on the North Ameri- 


AMERICAN ASSOCIATION OF 
PETROLEUM GEOLOGISTS 
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The following Letters Patent of the United States covering processes of elec- 
trically determining the nature of geological formations traversed by drill holes 
(electrical logging) , and other processes for assisting the oil producers, including 
the detection of water intrusion and side-wall sample taking, are solely owned by 
or exclusive licenses thereunder have been granted by 


SCHLUMBERGER WELL SURVEYING CORPORATION 


Notice is hereby given that legal proceedings will be instituted against in- 
fringers. 


1,819,923 1,996,530 
1,826,961 2,015,873 
1,845,379 2,018,080 
1,893,311 2,020,856 
1,894,328 2,038,046 
1,913,293 2,050,128 
1,955,166 2,055,506 
1,970,342 2,084,143 
1,980,100 


WELL SURVEYING CORPORATION 
HOUSTON, TEXAS U.S.A, 


‘ Well Li 


BRANCH OFFICES: 


TEXAS: Midland, Freer, McAllen, Corpus Christi, Wharton, Beaumont, Tyler 

LOUISIANA: Lake Charles, New Iberia, Houma, Shreveport 

OKLAHOMA: Oklahoma City, Ardmore ARKANSAS: El Dorado 
KANSAS: Hutchinson WYOMING: Casper ILLINOIS: Mattoon 
CALIFORNIA: Long Beach, Bakersfield, Ventura, Coalinga 
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MICROSCOPE 
Model MOP 


for Accurate Quantitative 
Analyses of Rock Sections 


Now, for the first time, the geologist can examine 
rock sections in reflected polarized light and build 
up a system of identification by their optical be- 
havior. The Leitz Microscope MOP is equipped 
with a new type of vertical illuminator which gives 
perfect homogeneity of linear polarized light of a 
single direction of vibration within the entire field 
of view. This is but one of the useful features of 
the Leitz Microscope MOP. Others include: 

suitability for both re- * also, for either polar- 
flected and transmitted ized or non-polarized 
light light 

Write for Catalogue V-B which gives further details of this 
extremely useful and accurate microscope. 


E. LEITZ, INC. 

730 Fifth Avenue New York, N.Y. 
Washington Chicago Detroit 
Western Agents: 

Spindler and Sauppe, Inc. 

Los Angeles Francisco 


STRUCTURAL EVOLUTION OF SOUTHERN CALIFORNIA 


By R. D. Reep anp J. S. HoLiister 


is available in the standard binding of the Association: blue cloth, gold stamped, 6 x 9 inches, with 
colored map in pocket. Postpaid, $00 Extra copies of the tectonic map, 27 x 31 inches, on strong 
ledger paper in roll: postpaid, $0.50. 


The American Association of Petroleum Geologists, Box 979, Tulsa, Oklahoma 


GEOLOGY OF THE TAMPICO REGION, MEXICO 
By JOHN M. MUIR 
280 pp., 56 illus. Cloth. 6 x 9 inches. 
$4.50 ($3.50 to A.A.P.G. members and associates) 
American Association of Petroleum Geologists, Box 979, Tulsa, Oklahoma 


REVUE DE GEOLOGIE REVIEW OF GEOLOGY 
et des Sciences connexes and Connected Sciences 
RASSEGNA DI GEOLOGIA RUNDSCHAU FUR GEOLOGIE 
e delle Scienze affini und verwandte Wissenschaften 


Abstract journal published monthly with the codperation of the FONDATION UNIVERSITAIRE DE 
BELGIQUE and under the auspices of the SOCLETE GEOLOGIQUE DE BELGIQUE with the collabora- 
tion of several scientific institutions, geological surveys, and correspondents in all countries of the world. 
GENERAL OFFICE, Revue de Géologie, Institut de Géologie, Université de Liége, Belgium. 
TREASURER, Revue de Géologie, 35, Rue de Armuriers, Liége, Belgium. 


Subscription, Vol. XVII (1937), 35 belgas Sample Copy Sent on Request 
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2000 BBLS 


Here today, gone tomorrow. That's the story of 
man, that's the story of oil wells. In 1920 when 

oil well production fell off, abandonment was 
ABANDONED the only solution. In 1937 with proven methods 
of locating other producing sands, oil wells are 
never abandoned—they are Gun-Perforated for 


Other Lane-Wells new production. Gun-Perforating—developed, 
Products and patented, and successfully used by Lane-Wells 
Services include: exclusively brought in a 2,000-barrel well in 
Liner Hangers, Anchor an old field where well production had dwindled 
Formation Packers, Rat- to less than 100 barrels average. Remember, that 
Hole Packers. Well testing possible new producing oil strata in 


“stripper” wells is only one of the many outstand- 

Weshees. State-Graph ing applications for Lane-Wells electrically- 

and LoKatelt Services controlled Gun-Perforators. Remember, too, that 

(outside of California, Lane-Wells electrical control makes safe, posi- 

| under license from Oil tive perforation certain and from the start 

Well Water Locating of the job to the finish utilizes Lane-Wells equip- 
Company). ment only. 


“TOMORROW'S TOOLS TODAY” 
LOS ANGELES, CALIFORNIA * NEW YORE CITY, NEW YORE 
‘THE LANE-WELLS CO, OF TEXAS—HOUSTON & CORPUS CHRISTI + THE LANE-WELLS CO. OF OKLAHOMA—OKLAHOMA CITY & TULSA 
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Second 

Edition 

Chapter Headings 
PROPERTIES, OCCURRENCE AND 


ASSOCIATION OF PETROLEUM 


PETROLEUM EXPLORATION 
METHODS 


ACQUISITION OF TITLE TO OIL 
LANDS 


DEVELOPING THE FIELD 


EQUIPMENT AND 
MeEtHOps: GENERAL 
FEATURES 


EQuIPMENT 
AND METHODS 


Rotary Drittinc EQuIPMENT 
AND METHODS 


Casinc, APPLIANCES 
AND CasING METHODS 


FisHING TOOLS AND METHODS 


O1-Fretp Hyprovocy ; Exciu- 
SION OF WATER FROM WELLS 


—revised, enlarged, up-to-date 
Petroleum Production Engineering 
OIL FIELD DEVELOPMENT 


By LesTER C. UREN 


Professor of Petroleum Eng g, University of California 


531 pages, 6 x 9, 258 illustrations, $5.00 


This is the first book of a two-volume edition, revised and en- 
larged to cover the far-reaching advances of recent years in this 
field. This book, complete in itself, gives a practical treatment 
of every phase of petroleum production engineering up to the 
gee at which the wells are ready to produce. It introduces the 
undamentals of field location and covers thoroughly the prob- 
lems, methods and equipment of oil-field development and 
modern deep-well drilling. 


Every process and method of any consequence is fully explained 
and complete descriptions are given with illustrations of all 
commonly used oil-field equipment, tools and appliances. The 
treatment is well-balanced and comprehensive, for those inter- 
ested in a broad, practical understanding of petroleum production 
technology as a whole. 


FINISHING THE WELL 
Wet Recorps 


Order from 


The American Association of Petroleum Geologists 


Box 979 . .. Tulsa, Oklahoma 


ERE is a simple, comprehensive guide to 

kinds and meanings of geologic structures 
—designed to be a complete treatment of the 
subject within practicable limits, providing the 
information necessary to analyze any structure 
in terms of stress and strain and to interpret 
field observations. Practical emphasis is given 
by many problems and illustrations of facts, 
including geologic maps of typical areas. 


In this third edition the scope has been modi- 
fied by eliminating speculative discussions of 
theories to make room for more thorough treat- 
ment and illustration of practical problems. 
The arrangement has been changed to provide 
a more logical connected sequence of topics. 
The statement of pertinent mechanical princi- 
ples precedes description, and description of 
each type of structure precedes the analysis of 
the stresses and strains involved in the par- 
ticular change of form. The many simplified 
diagrammatic and sectional illustrations are a 
feature of this work. 


Revised 
Enlarged 
Third 
Edition 


Geologic Structures 


By Battey WILLIs 
Professor Emeritus of Geology, Stanford 
University 
and Rosin WILLIs 
544 pages, 5 X 7%, 202 illustrations 
flexible, $4.00 
Order from 
THE AMERICAN ASSOCIATION 
OF PETROLEUM GEOLOGISTS 
Box 979, Tulsa, Oklahoma 
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Xxvii 


Announcement of 


GEOPHYSICAL STUDIES 1932-1936 


Colorado School of Mines Quarterly 32 (1) January, 1937 
Published, October, 1937 


This is the 4th of the Quarterly series on Geophysics. The first, “Geophysical Prospecting,” published 
in 1929, an introduction to the application of Geophysics to oil and mining exploration, is still meetin 
a practical demand, Subsequent numbers of the series have contained special papers on geophysica 
research. The present special publication is 


GEOPHYSICAL STUDIES 1932-1936 


Nine Papers on All Four Major Geophysical Methods: Seismic, Gravitational, Magnetic, 
and Electrical Methods 
EDITED BY 
Cc. A. HEILAND, Professor of Geophysics 
DART WANTLAND, Assistant Professor of Geophysics 
R. F. ALDREDGE, Ass’t. Professor of Geophysics and Instructor of Mathematics 
COLORADO SCHOOL OF MINES, GOLDEN, COLORADO 


CONTENTS 
C. A, Heiland: Geologic, Magnetic, Reflection Work, C. M. Tattam: The Application of Electrical Resistiv- 
and Drilling at the Duvernay-Brosseau Structure, ity Prospecting to Groundwater Prob!ems 
John D. Marr: Characteristics of Seismic Reflections or Interpretation of Resistivity Curves 
._F. Aldredge: The Eff f Dipping Strata Earth- 
K. G. Ku: Two New Planimetric Methods for Torsion Resistivity 


Balance Terrain Corrections Z. Mitera: A Theoretical and Experimental Examina- 


Dart Wantland: Geophysical Surveys and the Results tion of the Potential-Drop Ratio 
of Operations at the Roscoe Placer of the Humphreys Charles M. Focken: The Sundberg Inductive Method 
Gold Corporation, Jefferson County, Colorado of Electrical Prospecting 
257 pages. 130 figures. 7 x 9 inches. Price, $2.00, postpaid 
Order from 


THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
BOX 979, TULSA, OKLAHOMA 


PROBLEMS OF 
PETROLEUM GEOLOGY 


Sidney Powers Memorial Volume 


A Sequel to Structure of Typical American Oil Fields 


A compilation of 43 papers prepared for this volume by 47 authors; 
not previously published; in part read in preliminary form before annual 
meetings of The American Association of Petroleum Geologists 


Edited by 
W. E. Wratuer and F. H. Lawee 


Outline of Contents 
Part I. History 


Part II. Origin and Evolution of Petroleum. Group 1: Origin. Group 
2: Carbon Ratios. Group 3: Variation in Physical Properties 

Part III. Migration and Accumulation of Petroleum 

Part IV. Relations of Petroleum Accumulation to Structure 

Part V. Porosity, Permeability, Compaction 

Part VI. Oil-Field Waters 

Part VII. Subsurface Temperature Gradients 


1,073 pp., 200 illus. Size, 6x9 inches. Cloth. Price, postpaid: to members 
and associates, $5.00; to non-members, $6.00. Usual discounts to agencies 
and educational institutions. 


The American Association of Petroleum Geologists 
Box 979 ... Tulsa, Oklahoma 
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“OUR WORLD-WIDE EXPERIENCE 


IS. AT YOUR SERVICE 


% Seismic Reflection Surveying experience 
of more than 750 crew months in many sec- 
tions of the United States, in Canada, Poland, 
Roumania, Hungary, New Zealand, Little Amer- 
ica, Argentina and Trinidad, resulting in location 
of 32 original oil fields now producing and many 
more as yet undrilled; and the manufacture for 
sale and our own use of more than 40 complete 
Seismic Instruments. More of our equipment is in 


use throughout the world than any other make. 


We believe in honest and careful work—AND 
WE HAVE THE EQUIPMENT AND PER- 
SONNEL TO DO IT! 


WRITE FOR OUR ILLUSTRATED BOOKLET 


Selsmogroph Service Cosporotion 


Kennedy Building 
TULSA, OKLAHOMA 
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Xxix 


COMPREHENSIVE INDEX 
OF THE 
PUBLICATIONS OF 
THE AMERICAN ASSOCIATION 
OF 
PETROLEUM GEOLOGISTS 


1917-1936 


By 
DAISY WINIFRED HEATH 


“The publication of this Comprehensive Index may be taken as a memorial to the accomplishments 
of The American Association of Petroleum Geologists during the first twenty years of its existence. The 
twenty volumes of the Bulletin and the special publications contain a contribution not only to petroleum 
geology in a strict sense of the term but also to the science of geology in its broader aspects of which 
every member of the Association may well be proud. Certainly, the contribution of the Association to 
geology compares favorably with that made by any similar society to any of the sciences in an equal 
length of time.’’—L. C. Snider, Editorial Note. 


A.A.P.G. PUBLICATIONS INDEXED 


The Bulletin, Volume I to Volume XX. 1917-1936 
Geology of Salt Dome Oil Fields (out of print) 1926 
Theory of Continental Drift (out of print) 1928 
Structure of Typical American Oil Fields, Volume I 

(out of print) 1929 
Structure of Typical American Oil Fields, Volume I 1929 
Stratigraphy of Plains of Southern Alberta 1931 
Geology of California (out of print) 1933 
Problems of Petroleum Geology 1934 
Geology of Natural Gas 1935 
Geology of the Tampico Region, Mexico 1936 
Gulf Coast Oil Fields 1936 
Structural Evolution of Southern California - 1936 


382 pp. Alphabetical key letters set in running page heads. 63/4 x 91/2 inches. Each paid-up member and 
associate will be sent, free, one copy. Members and associates may buy extra copies at $2.00. Non-member 
individuals, companies, and institutions may buy copies at $3.00, postpaid. 


THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
BOX 979, TULSA, OKLAHOMA, U.S.A. 
London: Thomas Murby & Co., 1, Fleet Lane, E.C. 4 
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BAROID PRODUCTS 


INCLUDE MUDS AND MUD CONDITIONERS FOR 


USE IN SUCCESSFULLY PENETRATING ALL TYPES 
OF FORMATIONS ENCOUNTERED IN DRILLING 


STOCKS 
BAROID:.. . Extra-Heavy Colloidal Drilling Mud po 


AQUAGEL: .. . Trouble-Proof Colloidal Drilling Mud 


STABILITE: ... An Improved Chemical Mud Thinner [Aj 
IN ALL ACTIVE 
BAROCO: An Economical, Salt Resisting Dell 
mg Say 
FIBROTEX: For Preventing or ining Lost Circu- 


lation in Drilling W: 


BAROID SALES DEPARTMENT ~~~ 


NATIONAL PIGMENTS & CHEMICAL DIVISION Les 
NATIONAL LEAD COMPANY <i /\ 
BAROID SALES OFFICES—LOS ANGELES + TULSA - HOUSTON f 


J the \ast foot ot tHe pole: 
and pertecte? av- 
podie* etc. 
From its Geo 
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XXxi 


An Invaluable Record 


GULF COAST OIL FIELDS 


A SYMPOSIUM ON THE GULF 
COAST CENOZOIC 


BY 
FIFTY-TWO AUTHORS 


FORTY-FOUR PAPERS REPRINTED FROM THE BULLETIN 
OF THE AMERICAN ASSOCIATION OF PETROLEUM 
GEOLOGISTS WITH A FOREWORD BY 
DONALD C. BARTON 


EDITED BY 


DONALD C. BARTON 
Humble Oil and Refining Company 


AND 


GEORGE SAWTELLE 
Kirby Petroleum Company 


THE INFORMATION IN THIS BOOK IS A GUIDE FOR FUTURE DISCOVERY 


“In the present volume the geologists of the Gulf Coast .. . are attempting to supplement that 
older volume [Geology of Salt Dome Oil Fields] with a partial record of the much new information 
of the intervening decade. . . . The quarter century preceding 1924 was the era of shallow domes... . 
Developments of the new era, however, came on with a rush. .. . The year 1925 saw the beginning 
of the extensive geophysical campaign which is still sweeping the Gulf Coast. . . . The deepest wells 
at the end of the decade are going below 10,000 feet instead of just below 5,000 feet. . . . Great 
increase in the depth of exploratory wells and of production is a safe prediction. . . . The area of 

production should be extended southward into the Gulf Coast of Tamaulipas, Mexico. It may 
or may not be extended eastward into southern Mississippi. More good production should be es- 
tablished in the belt of the outcrop of the Pliocene, Miocene, and Oligocene. Many new, good oil 
fields should be discovered in the Lissie Beaumont area. . . . The coming decade, therefore, will 
probably be fully as prosperous for the Gulf Coast as the decade which has just passed.”—From Fore- 
word by Donald C. Barton. 


@ 1,084 pages, 292 line drawings, 19 half-tone plates 
@ Bound in blue cloth; gold stamped; paper jacket; 6x9 inches 


PRICE: $4.00, EXPRESS OR POSTAGE FREE 
($3.00 to A.A.P.G. bers and iat bers) 


The American Association of Petroleum Geologists 
BOX 979, TULSA, OKLAHOMA, U.S.A. 
London: Thomas Murby & Co., 1, Fleet Lane, E. C. 4 
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Dhe New 


CORE DA/LL 


Especially designed for increased percentage re- 
covery of longer—larger diameter cores and 
greater ease of handling on the derrick floor dur- 
ing core extraction. 


FOR COMPLETE DETAILS 
ASK_FOR 
BULLETIN 362 


INSIDE Soft OUTSIDE VENT 
VENT Formation Kor-King 
’ Cutter Head with 
(Interchange- Hard Formation 
Hard Formation able) Cutter Head 
Cutter Head 


REED ROLLER BIT COMPANY 


P.O. 2119, HOUSTON, TEXAS 
LOS ANGELES OKLAHOMA CITY NEW YORK CITY 
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EXPERIENCE! 


' Our crews have worked in 
nearly half the States of the 
Union, in Canada, Mexico, 
Venezuela, Colombia, and 
Ecuador. 


That is part of the back- 
ground that enables us to 
give our customers a maxi- 
mum return on each dollar 
invested in seismograph 
surveys. 


DALLAS, TEXAS 
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Proof of the superiority of Hughes Core 
Bits is found in their universal acceptance 
by the industry—an acceptance based 
entirely on results obtained in the field. 


Hughes Core Bits—both hard and soft 
formation type—really “bring the bottom 
of the hole to the derrick floor.” Designed 
to produce unusually large cores, they have 
thoroughly proven their dependability at 
all depths. 


Of course, Hughes Core Bits are “favor- 
ites’ —when preference is based on results. 


HUGHES TOOL COMPANY - HOUSTON, TEXAS, U.S. A. 
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